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COAL-BEARING UPPER PENNSYLVANIAN AND LOWER
PERMIAN ROCKS, WASHINGTON AREA, PENNSYLVANIA

By HENRY L. BERRYHILL, JR., STANLEY P. SCHWEINFURTH, and BION H. KENT

ABSTRACT

The Washington area is near the southwest corner of
Pennsylvania and covers an area of 229 square miles. It
comprises the Washington West, Washington East, Amity,
and Prosperity 7%-minute quadrangles. In terms of human
resources and population density, the Washington area can
be considered a part of the greater Pittsburgh residential-
industrial eomplex.

The report includes descriptions of the types of rock;
lithologic maps for the Washington West, Washington East,
and Amity quadrangles; maps showing lithofacies relations in
each member of the Pittsburgh, Uniontown, Waynesburg, and
Washington Formations; a summary of sedimentation and
paleogeography; a discussion of the economic aspects of the
rocks, including properties that are pertinent to preliminary
engineering planning; and estimates of coal resources of the
Pittsburgh and Waynesburg coal beds.

Rocks at the surface consist of alternating sandstone, silt-
stone, mudstone, claystone, limestone, and coal. Average
aggregate thickness of the exposed sequence is about 1,070
feet; thickness increases in general from north to south.
Sequences of beds of the same rock type range in thickness
from a few feet to 90 feet. Vertical repetition of the several
types of rock in a somewhat cyclic pattern is characteristic
of the overall sequence, but the general cyclic aspect is
modified by a general upward increase in the amount of sand-
stone, siltstone, and mudstone and by lateral differences due
to variations in thickness and intertonguing.

Three predominant shapes of sandstone bodies are recog-
nized: sheetlike, elongate, and lobate. Sheetlike bodies are
generally 4.5-8.5 miles wide; elongate bodies are generally
0.2-4 miles wide and more than 6 miles long; and lobate
accumulations are typically less than 1 mile wide and less
than 3 miles long. The larger elongate bodies are segments of
extensive bodies that traverse the Washington area. The sand-
stone bodies trend in one of two general directions: west-
northwest or north-northeast. Two types of crossbedding are
recognized—festoon, or cut and fill, in the elongate bodies, and
tabular, or torrential, in the sheetlike bodies. Median diameter
of grains in the sandstone ranges from 0.062 mm to 0.25 mm,
and grain size decreases upward in the thicker sandstone
bodies. The sandstone generally is well sorted; the coefficient
of sorting is less than 2.50. Composition of grains, in order of
decreasing abundance, is quartz (60-7Y5 percent), feldspar
(10-20 percent), clay minerals (1-15 percent), muscovite
(3-7 percent), opaque minerals (1-3 percent), and heavy
minerals (a trace to 1 percent).

The siltstones generally are sheetlike or lenticular, but
many flank the elongate sandstones and, thus, are also some-
what elongate in form. Composition of the siltstone is similar

to the sandstone, except that the siltstone contains larver
amounts of clay minerals.

The mudstones lie as thin layers above coal beds and be-
tween limestone beds, and some are lenses that tongue into
both sandstone and siltstone bodies. The claystones generally
are lenticular and thin, but some of the underclays bene~th
coal beds are sheetlike units that cover large areas. The clay
minerals in mudstone and claystone, in general order of
abundance, are illite, chlorite, kaolinite, mixed-layer ill‘te-
chlorite, and two other minerals tentatively identified as ver-
miculite and montmorillonite.

Most limestone bodies are sheetlike and are made up of b~ds
that are a few inches to 3 feet thick. The fabric of most
combines a microcrystalline calcite matrix with various
amounts of detrital particles that range from clay size to
several inches in diameter. Distinctive features are the fine
laminations in many beds believed to be of algal origin and
the breccia-conglomeratic nature of others. Calcite content
varies from 57 to about 95 percent; dolomite, from a trace to
8.1 percent; and insoluble minerals, from 10 to 20 percent.

Fossil remains of both animal and plant types are present
in some of the mudstones and limestones and in a few sand-
stones. The animal remains are ostracodes, fish scales and
bone fragments, small gastropods, small pelecypods, end
Spirorbis, a partly coiled worm tube; plant remains are
leaves, stems, and logs. The fossils are a nondiversified frech-
water suite of late Paleozoic age. Identifiable plant remains
are relatively scarce; two assemblages—one from above the
Waynesburg coal bed and the other from above the Washington
coal bed—contained forms of Late Pennsylvanian age.

Within the interval from one coal bed to another, the
sandstones, siltstones, mudstones, claystones, and limestones
intergrade and intertongue. Four principal lithofacies are
present. They are sandstone, interbedded sandstone and fine-
grained clastie rocks, fine-grained clastic rocks, and limestcne.

The stratigraphic classification of exposed rocks is as fol-
lows: Conemaugh, Pittsburgh, and Uniontown Formations of
Pennsylvanian age; Waynesburg Formation of Pennsylvanian
and Permian age; and Washington and Greene Formations of
Permian age. The Pittsburgh and Uniontown Formations
compose the Monongahela Group; the Waynesburg, Washing-
ton, and Greene Formations make up the Dunkard Grovp.
Only the upper 60 feet of the Conemaugh is exposed. The
formations other than the Conemaugh and Greene are named
for the coal bed at their base and have been subdivided into
various members,

Tectonically, the Washington area was part of a subsiding
basin that covered large adjacent parts of Ohio and West
Virginia during Late Pennsylvanian and Early Permian time.
The environment was an extensive but shallow fresh-water
lake that at times became a vast swamp. Depth of water was
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probably never more than a few feet. The shoreline shifted
frequently. During deposition of large quantities of detritus,
the shoreline prograded as the sediment built outward to
form a fluvial-delta complex.

The rocks have been folded into a series of gentle northeast-
trending flexures with dips of 1° or less. The folding of the
rocks was not contemporaneous with deposition; it took place
after late Early Permian time.

Of the 17 coal beds that crop out, only the Pittsburgh, which
contains by far the largest quantity of resources, is now
mined commercially. The Waynesburg also contains sizable
resources but is not mined. Original resources of coal in these
two beds in the Washington area total 1,959.5 million tons, of
which 1,688.6 million tons is classified as “measured,” 166.2
million tons as “indicated,” and 104.7 million tons as “in-
ferred.” Included in the 1,688.6 million tons of measured coal
is 197.56 million tons of coal in the Pittsburgh bed that has
been mined and lost in mining; thus, the remaining measured
resources as of January 1, 1966, total 1,491.1 million tons.

Sandstone and limestone have been quarried in recent years
for base course material in highway construction. Mudstone
is quarried at two localities for making brick. Tests indicate
that several mudstone units are potential sources of light-
weight aggregate. Limestone, particularly that of the upper
member of the Washington Formation, may some day prove
to be a valuable resource.

Physical characteristics of the rock sequence of most con-
cern in engineering planning are the wide range in porosity
and permeability. The juxtaposition of permeable and im-
permeable units markedly affects movement of percolating
subsurface water. The limestone, claystone, and mudstone
units are relatively impervious; consequently the thicker
limestone units, and the underclays in particular, are sites of
seepage and slumping.

INTRODUCTION

Washington, Pa., bears the marks of both the ad-
vance of modern civilization and a past that is deeply
rooted in American history. Pioneers moving west-
ward across the Allegheny Mountains to seek new
fortune and to fight the Indians and the French fol-
lowed a natural route that led into southwestern
Pennsylvania. Washington, for a time the northwest
terminus of what later became the first National road,
was a thriving frontier town in the late 18th century.
The earliest settlers used the readily available rock
materials for construction and fuel. The still-standing
Bradford House, home of one of the leaders of the
Whiskey Rebellion in 1794, is built of limestone from
the upper member of the Washington Formation.
Distinguished visitors, such as General Lafayette and
Gen. Andrew Jackson, probably warmed themselves
by fires fed by local coal. A century after earliest
settlement, both gas and oil were found in the Wash-
ington area, and in the 1890’s the Washington field
was one of the country’s principal- producers. Gas
was first produced from a well on the Hess farm, 1
mile west of Washington, on April 30, 1884 ; initial

oil production was from the Gantz well opposite the
Chestnut Street Station of the Pennsylvenia Railroad
in Washington on December 31, 1884,

Abundant resources in the local rocks still con-
tribute to the economy of Washington. Underlying
the area is the great Pittsburgh coal bed. not only the
world’s most valuable coal bed but also one of the
world’s most valuable mineral deposits. Oil and gas
are still taken from some of the earliest wells drilled
in the Washington field. Modern treffic through
Washington on Interstate Highway 70, kilt in 1960-
63, moves over material supplied in part from local
quarries.

PURPOSE AND SCOPE OF REPORT

The investigations here reported are a restudy of
the stratigraphy and economic geology of a part of
the bituminous coal field of western Pennsylvania, a
district that has undergone intensive industrial de-
velopment during the past 100 years and one that
received extensive geologic study in the period from
the latter part of the last century through the first
decade of this century. Geologically, the Washington
area, which includes the town and environs covering
about 229 square miles, is in the type area of the
Pennsylvanian System and of the Washington For-
mation of Permian age. Geographically, the area is
near the residential-industrial complex of metro-
politan Pittsburgh, and, in terms of human re-
sources and population density, it can be included as
a part of the greater Pittsburgh area.

Proximity of the Washington area to metropolitan
Pittsburgh, plus strategic location at a major junc-
tion of north-south and east-west highwey traffic, will
influence future growth. Indeed, outward-reaching
suburban development of Pittsburgh, typical of all
major population centers in the United £ 'tates, is even
now almost within sight of Washington. A thorough
understanding of the area’s geology is essential to the
efficient development of both mineral resources and
land use. Planning for land use, whether for indus-
trial, residential, or recreational development, should
be based equally on several factors: physical proper-
ties of, and differences between, rock formations;
landform; and drainage. Since publicetion of geo-
logic maps and reports on the Washington area more
than 50 years ago, accumulated drill data and new
topographic base maps at a larger scale (1 in. equals
0.38 mile) make possible both an updating of infor-
mation on the stratigraphy of the Pennsylvanian
and Permian rocks and the preparation of more de-
tailed maps of the geologic formations and coal beds.
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The investigations for the present report were
made (1) to obtain additional data on the
stratigraphy and sedimentation of the Upper Penn-
sylvanian and Lower Permian sequence that might
be applied to development of the economy of the
Washington area; (2) to prepare geologic and litho-
facies maps showing the different rock types in
sufficient detail to be used in preliminary engineering
planning and as a basis for studying mine subsidence
and stream pollution from drainage of acid mine
waters; and (3) to appraise the coal resources of
both the Pittsburgh and lesser known coal beds and
to relate the coal quality and thickness to the litho-
facies patterns of the associated rocks.

PREVIOUS WORK

Abundant resources of coal, oil, and gas have at-
tracted geologists to southwestern Pennsylvania for
many years, and these commodities have provided
the impetus for most of the geologic literature on the
region. During most of the 19th century, evaluation
of coal beds and classification of coal-bearing strata
were the bases for investigations. From about 1880
to 1920, the increasing demand for oil and gas was a
primary stimulus for exploration. In the early part of
the 20th century, a series of reports and maps sum-
marized the geology of coal-, oil-, and gas-bearing
rocks.

Geologic publications of regional scope that include
the Washington area are numerous; therefore, refer-
ence is limited in this publication to selected accounts
that apply specifically to the geology of Washington
and.vicinity or that have influenced geologic inter-
pretation of the area.

The earliest published geologic reference to the
Washington area was made by Pomeroy (1832), who
noted the many outcrops of coal along Chartiers
Creek north of Washington. To Pomeroy belongs
credit for the first published appraisal of the coal
resources of western Pennsylvania; his statement
(p. 347) was, “the sun and the bituminous coal of
Western Pennsylvania will burn out together.”

Stevenson (1876) made the first systematic classi-
fication and description of rocks in the Washington
area. His stratigraphic classification included names
for all principal coal beds and was a refinement of
earlier clasgifications by Rogers (1839, 1840, 1858).

Fontaine and White (1880) divided the coal-
bearing strata on the basis of geologic age. Report-
ing on a study of fossil plants, they assigned a
Permian age to strata above the Waynesburg coal
bed. Though their work was based largely on fossil

plants from West Virginia, the age designation which
they assigned was intended for the entire bituminous
coal field of West Virginia, Pennsylvania, and Chio.

White (1891) included the Washington area in a
summary study of the stratigraphy of the certral
part of the Appalachian basin and presented nemes
for many strata left unnamed by Stevenson. White’s
report and that by Stevenson (1907) establishec the
stratigraphic nomenclature that was to continue in
use for more than 50 years.

Clapp (1907a, b) and Munn (1912) produced the
first areal geologic maps for the Washington area in
the days when Washington was “a great camp of oil
prospectors.” These maps, at a scale of 1 inch to 1
mile, were accompanied by texts describing the t;rpes
of rock, the stratigraphic relations, and the coal. oil,
and gas resources.

Berryhill and Swanson (1962) revised the strati-
graphic nomenclature for Upper Pennsylvanian and
Lower Permian rocks of Washington County, Pa.
Individual geologic quadrangle maps for the Wash-
ington area, at a scale of 1 inch equals 0.38 mile,
have been prepared by Berryhill and Swanson
(1964), Berryhill (1964), and Swanson and Berry-
hill (1964).
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GEOGRAPHY
LOCATION

The Washington area comprises the Washington
West, Washington East, Amity, and Prosperity 715-
minute quadrangles. It is near the southwest corner
of Pennsylvania and includes the central and south-
central parts of Washington County and the extreme
north-central part of Greene County. The city of
Washington, at the junction of Interstate Highways
70 and 79, U.S. Highways 40 and 19, and State
Highways 31 and 18, is 27 miles southwest of Pitts-
burgh. Figure 1 shows the location of the Washington
area relative to the greater Pittsburgh area and to
the counties and principal towns of southwestern
Pennsylvania.

PHYSIOGRAPHIC SETTING, TOPOGRAPHY, AND DRAINAGE

In a regional sense, the Washington area is in
the Appalachian Plateaus physiographic province
(Fenneman, 1938), a province having a plateau sur-
face that is everywhere dissected by rivers and
streams. Because the degree of dissection varies from
place to place, the province has been subdivided into
several sections. The Washington area is in the Un-
glaciated Allegheny Plateau section (fig. 2), a
maturely dissected plateau, extending from north-
eastern Kentucky to southern New York State, in
which valleys have been carved in a nearly flat lying
rock sequence that contains more mudstone and fine-
grained rocks than sandstone. The drainage pattern
is dendritic and generally is more intricate than in
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FIGURE 1.—Location of the Washington area, Washington
and Greene Counties, Pa. Quadrangles included in report:
1, Washington West; 2, Washington East; &, Prosperity;
4, Amity.

neighboring sections, where both the more massive
rocks and the geologic structure influence the drain-
age patterns.

The surface of the Washington area is hilly with
broad rounded ridges and intervening, generally
V-shaped valleys. Stream dissection has largely de-
stroyed the original plateau surface, and only in
panoramic view from ridgetops are the concordant
summits and plateau character evident. Maximum
relief is about 620 feet; altitudes range from about
900 to 1,520 feet. Summits of most main ridges have
a rather uniform altitude of slightly less than 1,300
feet.

Geologic structure has had little influence in the
drainage pattern. Variations in resistance of rock
types to weathering has determined the profile of
ridges. Sandstones and some limestones form the
knobs or small hills on ridgetops and the benches
along the ridge slopes; more easily weatl ered rocks
form saddles.

The Washington area is on the drainag-~ divide be-
tween the Ohio River, which lies to the west and
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north, and the Monongahela River, one of the prinei-
pal tributaries to the Ohio, which lies to the east
(fig. 1). Drainage from the area is by three main
streams: north-northeastward via Chartiers Creek;
northwestward via Buffalo Creek; and east-south-

eastward via Tenmile Creek. Tributary streams are
in narrow V-shaped valleys; main streams are in
broader U-shaped valleys that have narrow flood
plains. The incised meander pattern of the prin-ipal
streams indicates recent stream rejuvenation.

Part 1. Lithofacies

DESCRIPTION OF SEDIMENTARY ROCKS
GENERAL FEATURES

The Unglaciated Allegheny Plateau (Fenneman,
1938) is formed of stratified rocks that are generally
flat lying, in contrast to the folded rocks of the
Allegheny Mountains and the Valley and Ridge
province which lie to the east. Rocks of the Allegheny
Plateau have been subjected to gentle bending and
form a broad and gentle syncline, or depression,
known as the Appalachian basin. The general outline
of the northern part of the Appalachian basin and
the position of Washington, Pa., within it are shown
in figure 2. Within this structural basin are a number
of subsidiary flexures of low amplitude.

Strata at the surface everywhere in the Appalach-
ian basin are of sedimentary origin and were de-
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posited during the Paleozoic Era. The uppermosrt, or
youngest, strata in the basin are of late Palenzoic
age and range from Early Pennsylvanian to Early
Permian. Those in the Washington area, near the
northeast-trending axis, or trough line, of the Ap-
palachian basin, are of Late Pennsylvanian and Farly
Permian age (fig. 2, stippled areas).

ROCKS EXPOSED

Rocks at the surface in the Washington area
consist of alternating layers of sandstone, siltstone,
mudstone, claystone, limestone, and coal. Average
aggregate thickness of the exposed sequence is about
1,070 feet; in general, thickness increases from rorth
to south. Sequences of beds of the same rock type
range in thickness from a few feet to 90 feet.

Vertical repetition of the types of rock in a some-
what cyclic pattern is characteristic of the overall
sequence. However, the general cyclic pattern is
modified by two factors: an upward increase ir the
amount of sandstone, siltstone, and mudstone relative
to the amount of limestone; and lateral differences in
the sequential arrangement of the several types of
rock because of intertonguing. The present report
deals primarily with the rocks above the base of the
Pittsburgh coal bed.

ROCKS NOT EXPOSED

Rocks in the subsurface below the Pittsburgh coal
bed are coal-bearing sandstone, mudstone, and lime-
stone of Early and Middle Pennsylvanian age and
somewhat thicker sandstone, mudstone, and I'me-
stone of Mississippian, Devonian, and Late Silurian
age that have an aggregate thickness of about 7,700
feet. The deepest drilling in the Washington area
penetrated to the Salina Formation of Late Silurian
age in a well in the Amity quadrangie (Lytle, 19°2).
Crystalline rocks of presumed Precambrian age were
reached at 12,565 feet beneath the Pittsburgh coal
bed in the Sand Hill well of the Hope Natural Gas
Co. in Wood County, W. Va., about 70 miles south-
west of the Washington area (West Virginia Geol.
Survey, 1959). The depth, contact, and stratigraphic
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relations of Paleozoic and Precambrian rocks in the
Washington area are not known, but the depth to the
Precambrian rocks is estimated to be about 14,000
feet on the basis of an interpretation of the results
of an aeromagnetic survey made by the U.S. Geologi-
cal Survey in 1960 (Popenoe and others, 1964 ; Beck
and Mattick, 1964).

METHOD OF PRESENTATION

In the following sections of the text, the sandstone,
siltstone, mudstone, claystone, and limestone are
described in detail before the discussion of the strati-
graphic and spatial relations of the named forma-
tions and members. Separation of the two kinds of
interrelated data avoids much repetition, because in-
dividual types of rock in the sequence in the Wash-
ington area are marked by similarities in geometry,
internal structures, grain size, and composition, re-
gardless of their stratigraphic position. Loecations
of the more prominent rock exposures are included
in the discussion of individual stratigraphic units in
the section “Stratigraphy.”

Several types of maps accompany the text. These
are 1, lithologic maps (pls. 1, 2), which show the
distribution at the surface of each type of rock in a
member; 2, lithofacies and thickness maps (pls. 3, 4,
5), which show the lateral lithologic and thickness
variations in each member over the Washington
area; 3, sandstone thickness maps (pls. 6, 7), which
show the thickness of discrete sandstone in each
member; and 4, coal-bed thickness and lithofacies
maps for the six principal beds (pl. 8). The lithologic
descriptions of the rocks in specific numbers are in
the stratigraphic and lithologic charts (tables 1, 2).

SANDSTONE AND SILTSTONE
GEOMETRY

Shape, size, and orientation of sandstone and silt-
stone bodies in the Washington area are variable.
Three predominant shapes are recognized: sheetlike,
elongate, and lobate; a few are pod shaped. These
shapes are shown schematically in figure 3. Most
elongate sandstones either branch to form distribu-
tary patterns or interconnect to form anastomosing,
or braided, patterns.

In cross section the sandstone units are lenticular.
The bases of most are well defined. Because maxi-
mum thickness of any sandstone in the Washington
area is about 64 feet, ratio of length or width to thick-
ness in most elongate units and in all sheetlike ones is
very large; in pods this ratio is considerably less. All
sandstone bodies interfinger along the edges with
siltstone and mudstone.

RN o
] ,,

C .
¥ , '4

L 6 MILES !

Sheetlike Elongate Lobate and pods
A. PLAN VIEW
X X' Z A
Sheetlike Elongate

B. CROSS SECTION
VERTICAL SCALE GREATLY EXAGGERATED

FIGURE 3.—Classification of sandstone bodies by shape.

Approximate dimensions of the sandstone bodies
in the Washington area are as follows: sheetlike,
length variable, width 414-814 miles ; elongate, length
8-15 miles, width 0.2—4 miles; pods, length with few
exceptions less than 3 miles, width a mile or less. The
larger elongate sandstones are but segments of more
extensive bodies that traverse the Washington area.
Lobate forms include units that are irregularly elon-
gate but terminate in directions of elongation within
a few miles, as well as relatively short lateral ex-
tentions, or offshoots, from both sheetlike and
elongate bodies.

The regional orientation of the elongate sandstone
units is somewhat difficult to ascertain because many
cross the Washington area in a meandering course.
Two general trends can be identified, however, within
the Washington area: west-northwest and north-
northeast.

The shape, size, and orientation of the discrete
sandstone bodies are shown on plates 6 and 7, and the
variety of forms is illustrated by individual maps:
a sheetlike body that has elongate parts is shown by
map B, plate 7; elongate bodies by map E, plate 6;
and elongate-lobate bodies by map D, plate 6.

The siltstones are more difficult to define geo-
metrically than sandstones ; most are sheatlike or len-
ticular, but many flank the elongate sandstone bodies
and are somewhat elongate. The sandstone inter-
tongues laterally with siltstone and also contains
lenses of siltstone. Typically, the upper parts of most
sandstones grade into sandy siltstone.
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Range
Element Low High
Si 0.7 7.0
Al .15 3.0
Fe 7 5.0
Na 15 2.0
OO <7 3.0
Ti e .007 1
MN et .03 2
Ba e, 015 .07
Ce 0 .05
Co <.0005 0007
Cr .0007 .005
Cu .00015 001
Ga <.0002 .007
Ni e <.0003 .003
Sr ... . .05 2
A .. 0015 .01
Y e <.001 002
Yb <.0005 .0003
Zr <.001 005

Chert is locally distributed in only one limestone
body, in the form of discoid nodules as much as 7
inches in diameter. A few thin lenticular chert beds
occur locally in the same limestone unit.

FOSSILS

Rocks of the Washington area contain both plant
and animal remains. The many coal beds attest to
times of prodigious plant growth; however, during
the transformation of the plant remains to coal, the
identity of the plants was largely destroyed. The ani-
mal remains are characterized by few species and
by the restricted occurrence of certain types.

PLANT REMAINS

Identifiable plant material includes earbonized leaf,
stem, and branch fragments, which are mainly in
the mudstones and siltstones, and trunk fragments,
which are mainly in the lower part of sandstones.
The following plants from three localities were iden-
tified by S. H. Mamay (written commun., 1962):

Collection 1, Washington East quadrangle, 0.5 mile
north-northeast of Washington, north bank of
Interstate Highway 70, 0.15 mile west of
Route 19. Mudstone just above the Washing-
ton coal bed.

Neuropteris scheuchzeri
Neuropteris cf. N. onata
Pecopteris plumosa Artis
Pecopteris sp. indet.

Collection 2, Washington East quadrangle, 0.5 mile
northeast of Washington, south bank of Inter-
state Highway 70, 0.7 mile east of Route 19.
Siltstone and sandstone in basal part of
Greene Formation. This collection is predomi-
nantly lycopod bark compressions.

Sigillaria. brardii Brongniart
Sigillaria sp.

Lepidophyllum sp.
?Alethopteris sp.

?Pecopteris sp.

Collection 3, Amity quadrangle, 0.45 mile north-
northeast of Lone Pine in bed of Brush Run.
Mudstone just above the Waynesburg cocl bed.

Neuropteris cf. N. oriata Hoffman

Neuropteris scheuchzeri Hoffman (most
abundant form in collection)

Undeterminable Neuropteris spp.

Cyclopteris sp.

Calamites sp.

cf. Pecopteris germari (Weiss) Fontaine
and White

cf. Pecopteris rotundilaha Fontaine and
White

cf. Callepteridium grandifolium Fontaine
and White

cf. Danaeites emersoni LXx.

Most of the plant fragments are so poorly pre-
served that Mamay considered his determinations
largely tentative. The first two assemblages listed,
according to Mamay, are Late Pennsylvanian and fall
within floral zone 12, or the Danaeites zone, of Read
and Mamay (1964).

Remains or impressions of plant roots are sparse.
Although plant roots would be expected to be abun-
dant in coal-bearing strata, they were found in only
a few places, in underclay and limestone beneath
coal beds.

The many thin, highly laminated limestone beds,
such as those shown in figures 9, 10, and 11, probably
were formed by algae that lived in extensive mats in
shallow water. Thin-section study of a sample from
the upper limestone member, Washington Formation,
by J. L. Wray, revealed a calcareous algal form that
he identified as Girvanella sp. aff. G. ducit Wethered
(Wood, 1963, p. 269; identification by Wray, oral
commun., 1967) . Furthermore, a single flat algz] head
which had a concentric growth pattern and was 2
feet in diameter was found just east of the Washing-
ton area, in the western part of the Hackett quad-
rangle, in limestone from the middle member of the
Washington Formation. This positive evidence, to-
gether with the conspicuous laminated structure and
high content of brownish organic material in the
limestones, suggests strongly that algae grew abun-
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dantly and were important both as lime-secreting
agents and in trapping fine sediment.

ANIMAL REMAINS

Animal remains are fish scales and bone fragments,
tiny gastropods, small pelecypods, ostracodes, and the
worm tube Spirorbis. The suite is diminutive and
nondiversified, identifiable specimens are scarce, and
the fossils are of little or no value for determining
the ages of the rocks.

Ostracodes are the most abundant fossils and are
irregularly distributed in every limestone body. They.
are most abundant in, though not restricted to, the
thin laminated algal (?) limestone beds, where they.
form coquinoid laminae. In some of the desiceation-
cracked limestones (fig. 11), the ostracodes make up.
most of the crack filling—in a few places to a depth
of 1 foot below the top of the limestone bed. In at
least one limestone body that has five or six beds,
ostracodes are about equally abundant in all beds.
Carbonaceous mudstone layers, both those associated
with limestone beds and those associated with coal
beds, also commonly have abundant ostracodes.
Figure 10 shows irregular and somewhat indistinct,
ostracode laminae in a limestone that probably is not
of algal origin. The ostracodes are all tiny smooth-
shelled fresh-water forms that, according to I. G.
Sohn (oral commun., 1961) lack the distinctive fea-
tures necessary for correlating strata or for deter-
mining the age of the rocks.

Gastropods were found in only five limestone
bodies. In these, the fossils are restricted to a few
specific beds and to stratigraphic positions that per-
sist over most of the Washington area; locally, the
gastropods are absent even from these beds. Gen-
erally the gastropods are in highly argillaceous
nodular limestone beds and in associated mudstone
at the base of a limestone body, or in the conglomer-
atic part of a bed, commonly in the upper part of a
limestone body. They were found in an underclay at
one locality. All are small high-spired forms tenta-
tively referred to Anthracapupa ohioensis Whitfield
by E. L. Yochelson (written commun., 1963).

Pelecypods are sparse and were found in only three,
limestone bodies. They are restricted to a single
conglomeratic bed within each limestone and have
very uneven lateral distribution. The specimens are
small thin-shelled forms, and many are crushed and
fragmented. Similar specimens collected in Belmont
County, Ohio, from strata correlative with those in
the Washington area were referred to Myalina
(Myalinella) cf. M. meeki Dunbar by Mackenzie
Gordon, Jr. (Berryhill, 1963, p. 57).

The worm tube Spirorbis was found in six
limestone bodies as isolated specimens. In each unit
the fossil was found in a single bed, either an
argillaceous bed in the lower part of the unit or a
conglomeratic bed that may have been any place
stratigraphically within the unit.

Fish fragments are moderately abundsnt locally
and are in every limestone body, as well &s in some
claystones and mudstones. Fish remains generally
are in conglomeratic parts of limestone beds and
seem to be most prevalent at the top of the uppermost
bed in a limestone body. Fragmented platas, spines,
and teeth are most abundant; coprolites and bone
fragments are sparse. (Note the large fish tooth
shown in figure 10.)

LITHOFACIES RELATIONS

The sedimentary rocks in the Washington area
have stratigraphic and geographic relations that re-
veal the depositional history of the overall sequence.
The sandstone, siltstone, mudstone, claystone, and
limestone represent episodes of sediment influx and
accumulation. The coal beds represent pauses in ac-
tive clastic-mineral sedimentation and punctuate the
sequence and afford a convenient means of grouping
the rocks stratigraphically. In the -classification
scheme used in the Washington area, the coal beds
serve as key markers that separate the selimentary
units into subdivisions, each representing an episode
of deposition.

Within the interval from one coal bed to another,
the units composed of sandstone, siltstone, mudstone,
claystone, and limestone both intergrade and inter-
tongue. The lateral relation of the several types of
rock that commonly separate two coal beds is shown
in figure 15. Four principal types of rock sequences,
or lithofacies, are shown in the diagram: sandstone;
interbedded sandstone and fine-grained clastic rocks,
including siltstone, mudstone, and claystone; fine-
grained clastic rocks; and limestone. The diagram,
which is somewhat oversimplified because of limita-
tions of space and scale, is representative of actual
conditions in the Washington area, where a lateral
change from the sandstone at the left side of the
diagram to the limestone at the far right takes place
within approximately 6 miles. The diagram also in-
dicates that lateral boundaries between the lithofacies
are indefinite, a characteristic of every sedimentary
unit. Some sedimentary units in the Washington area
lack the diversity of the one shown in figure 15, but
many include three of the principal lithologic associa-
tions. The lithofacies shown in columns 2 and 3 are
the most prevalent.
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Principal types of lithologic associations in the Washington area
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Mostly sandstone. Underclay. Underclay. Limestone predominant;
Limestone locally. Limestone. contains mudstone, sand-
Lithology Mudstone. Mudstone. stone, and siltstone
Sandstone, siltstone, and mud- Sandstone, siltstone, and mud- locally.
stone. stone.
Mudstone. Limestone locally.
Shape Elongate and lobate. | Variable, irregular, and sheetlike. Sandstone units generally Generally sheetlike.
of sheetlike, or as pods and
rock units lobes.
Even to irregular | Limestone, nodular to even- Limestone, even-bedded, Beds generally even and
bedding in upper bedded. laminated. closely spaced.
part; festoon | Mudstone, laminated. Mudstone, laminated. Breccia-conglomerate
Internal (trough) bedding | Siitstone, thin-bedded, laminated; Siltstone, laminated; ripple structure common.
structures in lower part. ripple bedded locally. bedding and rib-and-furrow
Sandstone, thin to medium- structure common.
bedded; small-scale festoon Sandstone, thin- to medium-
and tabular crossbedding. bedded; ripple bedding
locally.
Fine grained in upper | Limestone, microgranular. Limestone, microgranular and | Limestone, microgranular
part, medium to | Sandstone, fine-grained; com- breccia-conglomeratic. to microcrystalline.
Texture coarse grained in monly grades into siltstone; Sandstone, fine-grained to Sandstone, very fine
lower part; sorting sorting good to fair. very fine grained; sorting grained. .
generally good fair.
throughout.
Casts and carbon- | Limestone; ostracodes, small Limestone; ostracodes, small Same as in other facies;
ized impressions gastropods locally, Sperorbes, gastropodslocally; Spérordi's distribution wuneven;
F il of logs locally and fish remains. locally; and fish remains. generally less abundant.
ossils abundant in basal | Mudstone just above the coal bed | Siltstone and mudstone; mac-
part. locally has carbonized leaf and erated plant debris wide-
stem remains. spread in some units.
Mica abundant | General irregular bedding. Thin carbonaceous claystone
throughout; clay | Mica in the sandstone is mostly or mudstone common above
R K minerals more along bedding planes. lower limestone; thin car-
emarks abundantin upper bonaceous mudstone and
part. thin lenses of coal locally in
mudstone and siltstone.

F1GURE 15.—Lithofacies relations and summary of lithologic characteristics. Lateral span represented in diagram is approxi-
mately 6 miles.

The principal facies and subfacies within four of
the six formations in the Washington area are shown
on plates 3 and 4. Plate 8 includes six individual
lithofacies maps for members of the Pittsburgh and
Uniontown Formations; plate 4 includes six litho-
facies maps for members of the Waynesburg and
Washington Formations. Each lithofacies map shows
the actual stratigraphic and textural relations (rep-
resented schematically in fig. 15) within a member.,
Because of the intricate lateral intertonguing of the
different types of rock, the facies shown on plates 3

and 4 represent textural and compositional relations
that are refinements of the principal facies.

STRATIGRAPHY
METHOD OF PRESENTATION
The rocks of the Washington area have been
classified into mappable stratigraphic units that are
shown on published geologic quadrangle maps £t a
scale of 1:24,000—Washington West (Berryhill and
Swanson, 1964) ; Washington East (Swanson and
Berryhill, 1964) ; and Amity (Berryhill, 1964). The
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published maps are suggested for supplemental use
with maps in the present publication. For this publi-
cation, the physical variations within many of the
stratigraphic units were studied in detail, and the
results are shown by the series of special maps.

Accompanying the lithofacies maps are columnar
sections which show the typical stratigraphic rela-
tions within a member and diagrams which show the
percentages of sandstone, mudstone, and limestone at
each data point used for facies determinations.

Because of the economic importance of the coal
beds, rocks of the Pittsburgh, Uniontown, Waynes-
burg, and Washington Formations have been pene-
trated many places by the diamond drill. The core
records from these holes permitted detailed litho-
facies analysis that could not be applied to the
underlying Conemaugh and the overlying Greene
Formations, which have not been drilled extensively.
Consequently, the stratigraphy of the Conemaugh and
Greene Formations is described in text, but the
stratigraphic and statistical lithologic data for the
other four formations are listed in charts (tables
1, 2), and only the most salient features are summa-
rized and compared in text. The stratigraphic and
lithologic data listed on the charts include sequence
of beds, thickness, mineralogy, lithofacies relations,
thickness of coal beds, fossils, and distinctive fea-
tures.

HISTORY OF NOMENCLATURE

Strata equivalent to those in the Washington area
were first named by Rogers (1839), who referred to
them as the “Pittsburgh series.” The name included
all strata from the river bottoms to the hilltops in
the Pittsburgh area. The ‘“coal measures,” including
older coal-bearing rocks not exposed in the Pittsburgh
area, were subsequently classified into subdivisions,
or groups, on the basis of the presence or absence of
minable coal (Rogers, 1858), and the terms “barren”
and “productive” were used, as appropriate, to de-
scribe the strata of a group. All subsequent classifica-
tions have been refinements of that of Rogers, and the
boundaries of his four subdivisions, each at a prin-
cipal coal bed, have remained unchanged.

The systemic assignment “Carboniferous” was
given to the “coal measures” of southwestern Penn-
sylvania by J. P. Lesley, in the preface to a report by
Franklin Platt and W. G. Platt (1877). Presumably,
use of the term “Carboniferous’” implied a comparison
with the Carboniferous or coal-bearing strata of
Great Britain. Williams (1891, p. 83, 102, 106) called
the “coal measures” the “Pennsylvania (n) series,” a
designation synonymous with Carboniferous, and

thus established the State of Pennsylvania as the
type area for these strata in the United States.
Earlier, Fontaine and White (1880), on the basis of
fossil-plant studies, had assigned a Permian or
“Upper Carboniferous” age to the strata of the
“Upper Barren Group” above the Waynasburg coal
bed. Eventually, in the United States the designation
Carboniferous System included the Mississippian,
Pennsylvanian, and Permian Series (Wilmarth,
1925). These series have subsequently been redesig-
nated as systems. The Mississippian ard Pennsyl-
vanian make up the Carboniferous System.

Rocks of the Washington area are Late Penn-
sylvanian and Early Permian. The history of strati-
graphic nomenclature for rocks exposed in the
Washington area is summarized in figure 16.

RECENT REVISIONS

In early work, names were given first to the
minable coal beds, and subsequently to most of the
thicker and more persistent limestone units and to a
few of the sandstone units. Most of the sandstone,
siltstone, and mudstone units were not named. Else-
were in southwestern Pennsylvania and in eastern
Ohio and West Virginia, more than 80 names have
been applied to these strata. Many of these names
are no longer used because the units cannot be
mapped, cannot be reliably correlated, or cverlap each
other from one area to another. .

As in the past, mapping in the Washington area
has demonstrated that coal beds are the most distinc-
tive and most easily correlated units. Indeed, the many
intervening sandstone and limestone units are so
similar that most can be correlated only when related
to an underlying or overlying coal bed. The basic
mapping unit for field classification, therefore, in-
cludes, with one exception, the rock tyreos between
coal beds, and the basic units represent a sedimentary
cycle (fig. 15). This unit is defined as the rock se-
quence from the base of a coal bed or cerbonaceous
layer to the base of the next overlying cerbonaceous
unit. The single exception is a sequence of beds with-
out an underlying coal bed ; such a sequerce has been
designated a separate stratigraphic unit because of
lithologic characteristics that are recognizable not
only in the Washington area but beyord. Because
many units thus defined represent relatively thin or
incomplete cycles, and because facies changes are
common within many of the coal-to-coal sequences,
these units are designated as members rather than
as formations, Figure 15 shows diagrammatically the
possible range of facies in a member. Whare possible
the member has been assigned the name of the coal
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bed at its base, so that the long-established name is
retained and the member name is related to the most
easily mapped unit of the member. Where coal beds
are not persistent or where closely spaced facies
changes preclude positive correlation, members have
not been named but are informally designated as
upper, middle, or lower.

Because the basal unit of a member as here defined
is a coal bed, it follows that the basal unit of a for-
mation must also be a coal bed. The formation
boundaries are placed at the base of the most im-
portant and persistent thick coal beds, and the name
assigned to the formation is that of this basal coal
bed. Further, the formation includes two or more
members that represent sets of similar and related
sedimentary cycles. By applying the above principles,
Berryhill and Swanson (1962) established the strati-
graphic nomenclature that is followed in this publica-
tion for strata between the Pittsburgh coal bed and
the top of the upper limestone member of the Wash-
ington Formation.

Flint (1965) raised the Conemaugh Formation to
group rank and divided it into the Glenshaw and
Casselman Formations. In the present publication,
however, the Conemaugh in the Washington area is
treated as a formation because only the upper 60
feet is exposed, and the fieldwork was completed be-
fore Flint’s report was published.

PENNSYLVANIAN SYSTEM
CONEMAUGH FORMATION

The name “Conemaugh” was first used by Platt
(1875, p. 8) for the strata between the Upper Free-
port and Pittsburgh coal beds along the Conemaugh
River; this name is in general use today for
equivalent strata throughout the Appalachian basin.

Approximately the upper 60 feet of the Conemaugh
Formation is exposed in the Washington area. Out-
crops are largely obscured by settlement and by mine
dumps, but the few scattered exposures generally
reveal limestone float a few feet below the Pittsburgh
coal bed, two beds of limestone 27 feet below the coal,
and a thin- to thick-bedded partly crossbedded sand-
stone 30-385 feet below the coal bed. One exposure of
the limestone about 27 feet below the Pittsburgh coal
is in the upper part of the roadbanks 0.2-0.5 mile
south of Moninger, but here there is only one lime-
stone bed. The limestone float a few feet below the
Pittsburgh coal bed probably is from the Upper
Pittsburgh Limestone Member. The bed or beds of
limestone 27 feet below are the Lower Pittsburgh
Limestone Member, and the sandstone is part of the

Connellsville Sandstone Member. A fevr feet of
the siltstone and partly grayish-red mudstone below
the Connellsville Sandstone Member crop out 70 feet
south of the bridge that crosses Chartiers Creek at
Houston.

Additional descriptions of the Conemaugh Forma-
tion in and near the Washington area wer= given by
Sisler (1932), Fettke and others (1946), and Flint
(1965).

MONONGAHELA GROUP

The term “Monongahela,” as applied to strati-
graphic nomenclature, has evolved from its earliest
usage for all strata above the Pittsburgh coal bed. Its
current usage is for rocks between the base of the
Pittsburgh coal bed and the base of the Waynesburg
coal bed. (See fig. 16 for history of usage.) The
Monongahela was raised from formatior to group
rank in western Pennsylvania by Berryhill and Swan-
son (1962) and divided into two formations: the
Pittsburgh, which includes the Pittsburgh coal bed
and the dominantly limy rocks to the b2se of the
Uniontown coal bed ; and the Uniontown, vrhich com-
prises the coal bed and overlying dominantly sandy
rocks to the base of the Waynesburg coal bed. (See
fig. 17C, D for the distribution of lithologic com-
ponents in the Monongahela.) The thickress of the
Monongahela Group is 275 feet in the northern part
of the Washington area and increases to 337 feet in
the southern part.

PITTSBURGH FORMATION

The thickness of the Pittsburgh Formation ranges
from 215 feet in the western part of the Washington
area to 264 feet in the east-southeastern part (pl. 5),
a rate of increase toward the southeast of about 314
feet per mile. The formation has been divided into
five members: lower, Redstone, Fishpot, Sewickley,
and upper. Descriptive data for the Pittskburgh For-
mation are given in fable 1.

The lower member comprises the thiel- and per-
sistent Pittsburgh coal bed at its base and an
overlying thick sandstone that is informally the Pitts-
burgh sandstone. This sandstone is the thickest and
most extensive sandstone in the Monongalhela Group
(pl. 6, map A). In the northeastern part of the Wash-
ington area the sandstone is predominantly cross-
bedded and is similar to that in the lower member of
the Waynesburg Formation 5 miles east of the area
(fig. 4F). It thins southwestward, but retains its
position just above the Pittsburgh coal bed, and
grades into siltstone and fine-grained even-bedded
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sandstone in the southwestern part of the Washing-
ton area. There, it is similar to sandstone in the upper
member of the Waynesburg Formation 8 miles east
of the area (fig. 4C). The sandstone of the lower
member of the Pittsburgh Formation is well exposed
in the walls of abandoned strip mines along Chartiers
Creek north of Washington,

The Redstone Member is typically siltstone and
mudstone overlain by persistent limestone, but near
the middle of the member is a thin sandstone body
whose distribution roughly corresponds to that of the
underlying sandstone in the lower member (pl. 3,
map A, sections 2, 8, 5). The lenticular Redstone coal
at the base of the member is so spotty in its occur-
rence in the Washington area that the contact be-
tween the Redstone Member and underlying lower
member rarely could be mapped. Consequently, the
lower member and the Redstone Member are treated
as one on the lithofacies map. The member is not well
exposed in the Washington area. Parts of the Red-
stone are exposed in a few places along Chartiers
Creek, and in roadcuts that lead away from the
creek, Washington East quadrangle.

The Fishpot Member, the thinnest member in the
Pittsburgh Formation, is mainly siltstone and mud-
stone; but several west-trending sinuous sandstone
bodies, together with the relative thinness, character-
ize the member (pl. 3, map B; pl. 6, map B). The
lenticular Fishpot coal bed, common at the base of
the member in other areas, is absent from the Wash-
ington area. The Fishpot Member is exposed in a few
outerops in roads leading away from Chartiers Creek,
Washington East quadrangle; in the bank near the
east end of the Washington Racetrack; and in a small
quarry 0.4 mile north of the racetrack, Washington
West quadrangle. At the quarry the Fishpot is repre-
sented by massive sandstone.

The Sewickley Member contains the thickest lime-
stone sequence exposed in the Washington area. The
member is limestone in the north half of the area but
changes to clayey limestone and calcareous mudstone
in the south half (pl. 8, map C). The Sewickley coal
bed, well developed in other parts of southwestern
Pennsylvania and adjacent States, is either absent or
contains many impurities over much of the Washing-
ton area (pl. 8, map D). The thick limestone sequence
is known as the Benwood Limestone Bed. The mem-
ber is not well exposed; the most extensive outcrops
are along the west bank of Chartiers Creek southwest
of the Washington Racetrack, Washington West
quadrangle.

The upper member contains four limestone units
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that have been informally designated in ascending
order as A, B, C, and D and has no underlying coal.
Persistence of the limestone units and the conspicuous
greenish color of the siltstone units between the lime-
stones, are typical features. Locally the green silt-
stone is represented by sandstone. Outcrops of parts
of the upper member are in roadbanks on the north-
western outskirts of Washington, Washington West
quadrangle. The brecciated limestone in figure 13B
is from limestone C of the upper member and came
from the roadbank near the curve 0.4 mile north-
northeast of Oak Grove. Limestone D is exposed along
the upper part of the east bank of the highway be-
tween Oak Grove and Gretna, where it contains small
gastropods and is a conspicuous breccia-conglomerate
in places.

UNIONTOWN FORMATION

The Uniontown consists of two members that have
an aggregate thickness of 32 feet near the northeast.
corner of the Washington area and 93 feet in the
southwestern part (pl. 5). In contrast to the Pitts-
burgh Formation, both the lower and upper members
of the Uniontown Formation are thickest in the
southwestern part of the Washington area and thin
to the northeast (pl. 3). Descriptive data for the
Uniontown Formation are given on plate 8, and the
average composition is shown in figure 17C.

The lower member has four distinctive features:
the sandstone unit locally fills channels that were
eroded info underlying strata; coal occurs not only
at the base of the member as a single stratum but
also locally in lenses that are interbedded in the lower
12 feet of the sandstone unit; the lateral change in
facies from sandstone and siltstone to predominantly
limestone is unique to the lower member (pl. 3,
map E) ; and chert is known only from the limestone
in the upper part of the lower member. The distribu-
tion of the impure Uniontown coal bed is shown on
plate 8, map E. The entire member is well exposed in
the deep cut on Interstate Highway 79 just south of
Chartiers Creek, Washington East quadrangle. In
this cut the coal bed lies 12 feet above the base of the
member in the east highway bank and is absent from
the west bank., Neuripterid-type plant remains are
abundant in the sandstone unit in the Interstate
Highway 79 roadcut. The stone quarry just south of
Meadowlands School, Washington East quadrangle,
is in massive sandstone of the lower member. The
chert-bearing limestone in the upper part of the
member is exposed in the abandoned railroad cut near
the northeast corner of the Washington East quad-
rangle.

The upper member is mostly laminated siltstone
containing sinuous elongate bodies of tlin-bedded
sandstone a mile or less in width (pl. 3, mev F; pl. 4,
map E). In nearly all aspects the upper member bears
a striking similarity to the Fishpot Member of the
Pittsburgh Formation. The Little Waynerburg coal
bed is at the base of the upper member cutside the
Washington area. The upper member is exposed in
the lower part of the banks of Interstate Highway 70
just east of the interchange at the north edge of
Washington, Washington East quadrangle; in the
creek banks at Lone Pine, Amity quadrangle; and in
an excavation on the north side of State Rcute 18, 1.4
miles northwest of Wolfdale, Washington West quad-
rangle (lower part of fig. 4B).

PENNSYLVANIAN AND PERMIAN SYSTEMS
DUNKARD GROUP

The term “Dunkard Group” represents a shorten-
ing of the original designation “Dunk~vd Creek
series” for all strata above the Waynesbur« coal bed.
(See fig. 16.) As first defined, the name comprised
the “Washington County group” and the “Greene
County group.” As recently redefined (Berryhill and
Swanson, 1962), the Dunkard Group includes the
Waynesburg Formation of Late Pennsylvanian and
Early Permian age and the Washington ¢nd Greene
Formations of Early Permian age.

In the Washington area where the upper part has
been eroded, the thickness ranges from 0 to about
700 feet. Thickest sections are in the southern and
southwestern parts of the area.

The rocks within the Dunkard Group represent a
subtle change upward from more persistent coal-
bearing rocks that resemble the strata of the Monon-
gahela Group to the finer grained highly lenticular
strata of the Greene Formation, which contains only
thin lenses of impure coal.

WAYNESBURG FORMATION

The Waynesburg Formation extends frcm the base
of the Waynesburg coal bed to the base of the Wash-
ington coal bed. Descriptive data for the formation
are listed in table 2. Rock types within the formation
are similar to those in the underlying Uniontown
Formation. The Waynesburg Formation cannot be
dated more accurately than Late Pennsylvanian and
Early Permian because of lack of evidence for draw-
ing a systemic boundary.

The Waynesburg was once included as a part of
the Washington Formation, and its age was believed
to be Permian (Fontaine and White, 1880) on the
basis of fossil plants collected mainly in West Vir-
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ginia. However, fossils collected over the intervening
years indicate that the strata in question contain
Pennsylvanian types of plants as well as those of
Permian affinity. Any systemic boundary drawn
within the sequence would imply greater precision
than the data permit.

The thickness of the Waynesburg ranges from 172
feet in the extreme east-southeastern part of the
Washington area to 112 feet in the northwestern
part, a northwestward thinning at the rate of about
3% feet per mile (pl. 5). The predominant con-
stituents are sandstone and siltstone, and these make
up about 84 percent of the formation (fig. 17B). The
formation has been divided into the lower, middle,
and upper members.

The lower member has two distinctive features:
the thick Waynesburg coal bed (pl. 8, map F'), and the
massive crossbedded sandstone in the southeastern
part of the Washington area (pl. 4, map A; pl. T,
map A). In general form the sandstone is sheetlike,
but a single elongate tongue extends westward from
the main body in the Amity quadrangle and bifurcates
into southwest- and northwest-trending branches
(pl. 7, map A). Limestone, represented by a few thin
impure beds in the lower half of the member, extends
into the Washington area from the southwest as
tonguelike lenses that pinch out north of Washington.
Several limestone beds also occur near the top of the
member locally. The lower member is exposed at the
north edge of Washington in the banks of Interstate
Highway 70 just east of the interchange. At this
locality, which is in the Washington East quadrangle,
the Waynesburg coal bed is in two benches separated
by fine-grained sandstone, and the overlying sand-
stone is thin bedded and fine grained. The coal bed is
also exposed in the small mine at the east edge of
Lone Pine, and the massive phase of the sandstone is
exposed in the creekbank at the west edge of Lone
Pine, Amity quadrangle. The massive crossbedded
sandstone at Lone Pine is similar to that shown in
figure 4F. The coal bed and overlying siltstone are
exposed in the north bank of State Route 18, 1.4 miles
northwest of Wolfdale, Washington West quadrangle
(fig. 4B).

The middle member is a composite sequence con-
sisting of two parts: a lower partin which the
Waynesburg “A” coal bed and two overlying bodies
of limestone are distinctive; and an upper part, which
has, at the base, the thin and very lenticular Waynes-
burg “B” coal bed and overlying siltstone and sand-
stone. (See pl. 4, map B.) The limestones in the lower
part are thickest in the northwestern part of the

Washington area and pinch out southeastward. The
rocks between the limestone and the Waynesburg “B”
coal bed are typically thin-bedded sandstone ard silt-
stone. Ripple bedding, ripple marks, and small-scale
tabular bedding are common in these rocks. The
Waynesburg “B” coal bed at the base of the upper
part varies from thin coal in the southeastern part of
the Washington area to impure coal or carbonaceous
mudstone in the northern part; it is absent in and
near the town of Washington. The location and area
covered by the thin sandstone unit in the uppe~ part
of the middle member is nearly the same as that of
the siltstone facies shown on the lithofacies map (pl.
4, map B). Excellent exposures of the lower rart of
the member, including the Waynesburg “A” ccal bed
and prominent limestone beds above, can be seen in
the east banks of Interstate Highway 70 ne~r the
Hays Avenue School, west side of Washington, Wash-
ington West quadrangle. At this locality the under-
clay contains Spirorbis.

The upper member is dominated by conspicuously
laminated fine-grained sandstone and siltstone that
contain several lobate bodies of thin-bedded partly
crossbedded sandstone. The laminated sandstone
characteristic of the member is shown in figure 4C.
The Little Washington coal bed at the base of the
member (lower part of fig. 4C) thins from northeast
to southwest across the Washington area. The mem-
ber has an average thickness of about 12 feet. The
maximum thickness is 23 feet in the southeastern and
northwestern parts of the area, and the minimum
thickness is 8 feet at several places in the south-
western part. The upper member is similar in its
relative thinness and in the pattern of elongate sand-
stones within it to both the upper member of the
Uniontown Formation and the Fishpot Member of the
Pittsburgh Formation. (Compare maps on pls. 3 and
4.) The upper member is exposed in two cuts of the
Baltimore & Ohio Railroad in southwestern Washing-
ton: just east of the Interstate Highway 70 overpass;
and at the east end of the cut just south of West
Chestnut Street, 0.2 mile southeast of the FFighth
Ward School, Washington West quadrangle.

PERMIAN SYSTEM
DUNKARD GROUP

WASHINGTON FORMATION

The Washington Formation includes the strata
from the base of the Washington coal bed to the base
of the Greene Formation. Descriptive data for the
formation are listed in table 2. The thickness of
the Washington Formation ranges from 215 feet in
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the southeastern part of the Washington area to 156
feet in the northwestern part (pl. 5), a rate of thin-
ning of about 5 feet per mile. Limestone is the dis-
tinctive rock type (fig. 174), and subdivision of the
formation has been made to delineate the two main
limestone bodies. The Washington was named by
Stevenson (1876) for outerops in and near the town
of Washington and was redefined by Berryhill and
Swanson (1962). Subdivisions are the lower lime-
stone member, middle member, and upper limestone
member.

LOWER LIMESTONE MEMBER

“Limestone” has been a part of the name of the
lower member since the original designation as
“Lower Washington limestone member” (Stevenson,
1876). Subsequent detailed study has shown that

mudstone is predominant in much of the Washington
" area; thus, use of “limestone” in the name is some-
what misleading. However, because limestone pre-
dominates at Washington (pl. 4, map D, section 2)
and because several key beds of limestone near the
top of the member are widespread, the lithologic
term is retained. The Wasington coal bed, the basal
stratum of the member, is stratigraphically the
highest of the three thickest coal beds in the Wash-
ington area. Thickness of the bed is as much as 10
feet locally, but impurities of mudstone are abundant
and widespread (pl. 8, map H). Above the coal bed,
limestone is predominant in most of the central part
of the Washington area (pl. 4, map D). The limestone
changes to a mudstone to the east, south, and west.
Tongues of sandstone extend into the Washington
area from the northeast and from the northwest ; the
tongue of sandstone and associated siltstone near the
northeast corner makes up the entire member in that
area. The member, including the coal bed and over-
lying limestone beds, is exposed in the cut of the
Baltimore & Ohio Railroad 0.2 mile southeast of the
Eighth Ward School in southwest Washington, Wash-
ington West quadrangle. The sandstone that locally
represents the member is well exposed in the north
bank of the highway 0.25 mile west of Eightyfour,
Washington East quadrangle. Small gastropods occur
in the basal nodular limestone bed at many localities,
including the Baltimore & Ohio Railroad cut in Wash-
ington.

MIDDLE MEMBER

The middle member is made up of a lower, a middle,
and an upper part. (See columnar sections on pl. 4,

map E.) Individual rock units within the member
characteristically thicken and thin over short dis-
tances.

The lower part of the middle member is the thickest
of the three parts and has as distinctive components
an impure but persistent unnamed coal bed at the
base, a sandstone, and a limestone. The sandstone is
a thick crossbedded unit in the west-central part of
the Washington area but thins to the southeast,
where the facies equivalent is siltstone and mudstone
(pl. 4, map E; pl. 7, map D). The overlying lime-
stone is commonly in two multibedded units sepa-
rated by claystone, mudstone, or thin sandstone. A
thick bed near the top of the uppermost unit is
typically a breccia-conglomerate that weathers a
distinctive yellowish orange. In the northwestern
part of the Washington area the limestones merge to
form a single unit that has a maximum thickness of -
28 feet (pl. 4, map E, section 2).

The middle part of the middle member is marked
by variation in thickness from about 50 to 90 feet.
(See columnar sections, pl. 4.) The rock components
range from massive crossbedded sandstone to mud-
stone. The sandstone is most prevalent in the western
part of the Washington area (pl. 4, map I7), where
a thin coal bed at the base, locally and informally
called the Washington “A,” has a maximum thick-
ness of 3 feet. Elsewhere the coal bed is carhonaceous
mudstone and impure coal; locally it is absent.

The upper part of the middle member is distin-
guished by the thick laminated shaly mud-tone and
the locally associated thin coal bed at the base (Jolly-
town coal bed of Stevenson, 1876). The position of
the prominent carbonaceous mudstone and locally
associated thin coal, even where the rocks sre deeply
weathered, generally is marked by a profusion of
fissile black mudstone fragments in the soil, The
lithology above the carbonaceous unit varies from
place to place, but sandstone seems to be the most
persistent component. The thickness of the upper
part ranges from about 8 to 30 feet.

A complete stratigraphic section of the middle
member is nowhere exposed in the Washington area.
Massive sandstone in the lower part of the member
and overlying beds of limestone are exposed in the
quarry 0.3 mile north of Interstate Highvray 70 in
the southwestern part of the Washington West
quadrangle. In an excavation on the south side of
U.S. Highway 40 near the northeast correr of the
Amity quadrangle, the limestone that forms the top
of the lower part is a single sequence. At this locality
(pl. 4, map E, section 2) the thick conglomeratic
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bed contains small gastropods, and the base of the
limestone is only 15 feet above the lower limestone
member. The middle and upper parts (including the
Washington “A” coal and the black shale that repre-
sent the Jollytown coal of Stevenson) are exposed
0.2 mile southeast of Lincoln Hill, Washington West
quadrangle, in the banks of Interstate Highway 70.

UPPER LIMESTONE MEMBER

The upper limestone member is the most prominent
limestone in the Washington area, both because of
its widespread exposure and because of the relatively
high CaCO; content. The distinctive feature is the
dark-gray beds in the upper part that have a whitish
coating where weathered. Where the member is cov-
ered by soil, its position is marked by rounded whit-
ish limestone fragments 3—6 inches in diameter. In
the west-central and southeastern parts of the Wash-
ington area, a tongue of mudstone, siltstone, and,
locally, sandstone separates the member into two
parts (pl. 4, map F').

The member is widely exposed in the Washington
area. Prominent outcrops are in the quarries in east-
ern Washington and at Vance, and in the banks of
Interstate Highway 70 both east and west of Wash-
ington, Washington East and Washington West quad-
rangles. The two sequences of limestone and the
siltstone tongue between are exposed in the south
bank of Interstate 70 one-half mile northeast of
Highland School, near the southwest corner of the
Washington West quadrangle. In the small, aban-
doned quarry just east of Interstate Highway 79, in
the southwestern part of the Washington East quad-
rangle, the upper part of the uppermost bed in the
member contains numerous fragmented fish remains.

GREENE FORMATION

The Greene Formation is not well exposed in the
Washington area because of its generally fine grained
character and because of its topographic position on
hill tops at many places. Both factors tend to hasten
disintegration of the rock by weathering. The lack of
adequate measured sections and core-hole data, plus
the extensive removal of the formation by erosion,
precluded the compilation of special maps similar to
those prepared for other formations.

The Greene Formation includes all strata of Per-
mian age above the upper limestone member of the
Washington Formation, and in the Washington area
is a remnant of rocks that originally were much
thicker and more extensive. The thickest part of the
Greene (about 350 ft) is along the Nineveh syncline
in the southern part of the Prosperity quadrangle.

No geologic map has been prepared for the Prosper-
ity quadrangle, but the distribution of the Greene is
shown on the lithologic maps for the other three
quadrangles (pls. 1, 2). The Greene is about 300 feet
thick in the northwest quarter of the Amity cuad-
rangle, but northward from there erosion has pro-
gressively removed the formation, and it is ak-ent
from the northern third of the Washington area.

The rock types and facies relations in the Greene
Formation resemble those in the underlying forma-
tions of Late Pennsylvanian and Early Permian age,
except that the rock units in the Greene are generally
thinner and much more irregular in thickness and
distribution. The limestones are very impure, and
the few coal beds are thin and lenticular. The brec-
ciated structure common in limestones of under'ying
formations is not common in the Greene Formation.
The generalized sequences of rocks in the Greene
Formation, as pieced together from scattered out-
crops, are shown by the columnar sections that
accompany the lithologic maps (pls. 1, 2). The se-
quences plotted from two core logs are shown in
figure 18. The highly irregular distribution of rock
types within the Greene is clearly demonstrated in
figure 18. Visual correlation of the units in the two
columns suggests that the general direction of thin-
ning within the formation is north-northeastward.

Correlation of units within the Greene is extremely
difficult because exposures are generally deeply
weathered and the available core data are scarce.
Several units were tentatively correlated: a coal bed
in the lower part of the formation and four limestone
beds labeled A, B, C, and D on the columnar sections
that accompany the lithologic maps for the Wasl ing-
ton East and Amity quadrangles. To facilitate dis-
cussion of the stratigraphic relations, the formation
is here informally divided into six sequence* on
the basis of these five key beds. The six sequences
as listed below carry no regional correlative
connotation.

Sequence
1...Base of the formation to the base of the Tenmile
coal bed of Clapp (1907a, b).
...Base of the Tenmile ceoal bed to the base of
limestone A.
...Base of limestone A to the base of limestone B.
...Base of limestone B to the base of limestone C.
...Base of limestone C to the base of limestone D.
...Rocks above the base of limestone D.

Sequence 1 has an average thickness of 25 feef. In
the Washington West and Washington East quad-
rangles it has at the base a persistent carbonaceous
mudstone which characteristically weathers slabby ;
overlying the carbonaceous mudstone are beds of
mudstone, siltstone, and sandstone. In the Amity

SEso o
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quadrangle the basal strata are commonly mudstone
or siltstone. The typical stratigraphic arrangement
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of the several types of rock in sequence 1 in the Wash-
ington West and Washington East quacrangles is
shown in the upper part of figure 4D. 2 thin coal
bed is at the base of the basal carbonaceous mud-
stone locally, and a conspicuous bed of slabby car-
bonaceous sandstone is associated with the mudstone
and coal in outcrops along Interstate Highway 70
about half a mile east of U.S. Highway 19, Washing-
ton East quadrangle, and also in the bank across the
road from the entrance to the Washington Cemetery,
Washington West quadrangle.

Sequence 2, which ranges in thickness from 45 to
about 70 feet, has at its base the Tenmile coal bed
(Clapp, 1907a, b), which is 1-2 feet thick and is over-
lain by mudstone, siltstone, sandstone, and limestone.
The persistence and thickness of the Tenmile coal are
greatest in the Amity quadrangle. Approximately
the lower half of the sequence is siltstone containing
lenses of impure limestone that grade laterally to
shaly mudstone. The algal limestone that is 3-9 feet
above the Tenmile coal bed is persistent in the Wash-
ington West and Washington East quadrangles. A
local thin coal bed lies 50-60 feet above tl« Tenmile
coal bed in the northwestern part of the Amity
quadrangle.

Sequence 3 is about 25-40 feet thick, ard its most
persistent unit is limestone A, which lies at the base
and has one to three beds. The rest of the sequence
consists mostly of thin-bedded and locally cross-
bedded sandstone and siltstone that contain thin
lenses of limestone and carbonaceous mudstone. The
crossbedded sandstone is most extensive in the Wash-
ington West quadrangle. The carbonaczous mud-
stone in the upper part of the sequence is ropresented
by a thin coal bed in the northwestern part
of the Amity quadrangle. The sandstone units seem
to be thinner in the Washington East and Amity
quadrangles.

Sequence 4, which extends from the base of lime-
stone B to the base of limestone C, ranges in thick-
ness from about 35 to 60 feet. The order of lithologic
sequence seems to vary from mostly sandstone to
interbedded thin sandstone, siltstone, and mudstone
that contain thin lenticular beds of limertone, coal,
and carbonaceous mudstone.

Sequence 5 ranges in thickness from about 40 feet
to about 55 feet. Limestone C is the most prominent

F1GURE 18.—Columnar sections of the Greene Formation,
showing the lithologic sequence and the general lack of
persistence of mappable rock units. Section 1 is from
the NW14 of the Amity quadrangle, and section 2 is
8 miles to the southwest, near the south-centrzl boundary
of the Prosperity quadrangle,
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unit in the sequence and has been recognized through-
out the Washington area. Limestone C is typically a
multibedded unit containing thin layers of claystone
and mudstone; it may be equivalent to the Prosperity
Limestone Member (Griswold and Munn, 1907).
Rocks above are interbedded sandstone, siltstone, and
mudstone containing in a few places thin beds of
limestone.

Sequence 6 has at the base limestone D, which has
been recognized in the Washington East and Amity
quadrangles. Strata above seem to be mostly inter-
bedded sandstone and siltstone containing thin lenses
of mudstone and associated thin beds of limestone.

Fossils in the Greene are ostracodes, Spirorbis, and
fish remains similar to those in underlying rocks;
obstracodes are the most abundant fossil and are in
nearly all the limestone beds. A few isolated speci-
mens of gastropods in limestone are similar to those
in older Upper Pennsylvanian and Lower Permian
rocks. Scattered carbonized plant debris is in some of
the mudstone units associated with thin coal beds.
Many of the limestone beds have conspicuous lamina-
tions belived to represent algal-mat structure.

The Greene Formation, from the base to the silt-
stone above limestone C, is excellently exposed in the
east banks of Interstate Highway 79 between Vance
and U.S. Highway 40, Washington East quadrangle.

QUATERNARY SYSTEM

The unconsolidated sand and gravel and sporadic
boulders along streams and stream valleys are the
youngest deposits in the Washington area. These
alluvial deposits, as well as numerous small composite
alluvial-colluvial fans that have accumulated along
the foot of slopes at the mouths of gullies, are pre-
sumed to be of Recent age. Local narrow terrace
deposits above and adjacent to a few of the larger
streams may be of Pleistocene age.

Landslide deposits are widespread in the Washing-
ton area. Most landslides are relatively small and are
scattered along the ridge slopes.

ALLUVIUM

Lenticular deposits of sand and gravel are most
extensive along Chartiers, Little Chartiers, and Ten-
mile Creeks (pls. 1, 2). Maximum thickness of the
alluvium is about 15 feet.

The colluvial material mixed with the flood-plain
alluvium at the foot of slopes is largely angular frag-
ments of rock that have been carried down the slope
partly by surface erosion during heavy rains and
partly by gravity creep. Thin patches of colluvium
are common to all slopes, particularly those below

prominent outerops of either sandstone or limestone.
The vegetal cover inhibits movement of this material,
except during heavy rains.

LANDSLIDES

Masses of disturbed and intermixed soil and rock
debris are common and range from a few tens of feet
to half a mile in broadest horizontal dimension. Most
of these landslides are on slopes underlain by the
Washington and Greene Formations and are asso-
ciated almost invariably with limestone units and
adjacent mudstone. Some of the largest slides origi-
nate at or near the position of the upper limestone
member, Washington Formation. Landslides in the
Washington area are shown on the lithologic maps.

The disturbed material has moved largely ky in-
termittent sliding during heavy rainfall. However,
small scarps at the upper edge of some of these
masses plus small crevices in them show that at times
the material moved essentially as a body and c°n be
properly called a landslide.

The landslides are mainly near accumulations of
weathered clayey material that occur along the out-
crops of limestone and associated claystone. D-iring
heavy rains and periods of prolonged rainfall the clay
becomes saturated, and the limestone and clay move
downhill. Because accumulations of weatherec clay
are largest at the thicker limestone units, these are
the zones that have been most susceptible to sliding.
However, some large slides have developed on thick
units of mudstone that also are high in clay content.
Where massive sandstone immediately overlies a
limestone unit, the weight of the sandstone aic's the
sliding, and the sandstone contributes fragments to
the mass.

All the landslides are probably of recent origin.
Although some have been overgrown by trees ard are
largely stabilized, others are known to have moved
during the last few years.

SUMMARY OF SEDIMENTATION
AND PALEOGEOGRAPHY

RELATION TO REGIONAL PALEOGEOGRAPHY

Regionally, the Upper Pennsylvanian and Lower
Permian sedimentary rocks of the Washingtor area
are related to the large volume of sediments which
accumulated in extensive shallow seas that covered
much of the present area of the United States during
late Paleozoic time. The general extent of the seas in
central North America during Late Pennsylv~nian
time is shown in figure 19A. The sediments cf the
Appalachian basin were deposited in a very shallow
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swampy area that traditionally has been depicted
as a northeastward extension of the epicontinental
sea.

Since Permian time, rocks of Late Pennsylvanian
and Early Permian age have been removed by erosion
from large parts of central North America, and those
in the Appalachian basin are now separated from the
rocks of similar age in the central and western parts
of the United States. The Upper Pennsylvanian and
Lower Permian rocks of the Appalachian basin are
confined to an elliptical area that covers several thou-
sand square miles, principally in Ohio, Pennsylvania,
and West Virginia. The major paleogeographic ele-
ments and the generalized lithofacies patterns rela-
tive to the Appalachian basin and to the Washington
area are shown in figure 19B.

PALEOGEOGRAPHY OF THE WASHINGTON AREA

The Washington area was near the center of the
depositional basin and received sediments almost con-
tinuously during Late Pennsylvanian and Early Per-
mian time (fig. 19B). Most of the area remained
submerged, but surface features varied depending
upon the type of sediment being laid down.

The nature and extent of the surface features dur-
ing several stages of deposition are shown by the
interpretative diagrams in figures 20 and 21. The dia-
grams are based on the lithofacies maps on plates
3 and 4, and they show the paleosurface suggested by
the lithofacies pattern at a given stage of deposition.
Figure 20 is taken from plate 8, maps B and C, and
from plate 8, map D; figure 21 is taken from plate
4, maps C, D, and E, and from plate 8 map H.

SANDSTONE PATTERNS

The bifurcating or distributary shape and the
sinuous patterns of the thicker parts of sandstone
bodies resemble channels of meandering streams and
suggest either fluvial or deltaic deposition. The
streamlike patterns of the sandstone bodies are
shown in figure 22. However, two characteristics in-
dicate that the sandstone bodies in the Washington
area—which are but extensions of more extensive
bodies—are not typical fluvial deposits: (1) the width
of the lower part of each elongate sandstone body is
considerably greater than that of normal stream
channels, and the upper parts flare outward into
broad sheets that lack the characteristics of flood-
plain deposits; and (2) the sandstone units lack the
extensive interwoven complex of braided and dis-
tributary channel deposits such as is formed by
stream migration during building of a typical delta.
These characteristics suggest that the sandstones
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FI1GURE 19.—Regional paleogeographic relations during Late
Pennsylvanian and Early Permian time. A, Approximate
extent of Late Pennsylvanian seas in central North America.
Modified from Schuchert (1955). B, Paleogecaraphic ele-
ments in the Appalachian basin during Late Pennsylvanian
and Early Permian time, and generalized lithofacies patterns
of the rocks that remain. Heavy broken line outlines hypo-
thetical area originally covered by Upper Pennsylvanian
and Lower Permian sediments; black arrows indicate prin-
cipal directions of sediment movement during Late Penn-
sylvanian time; white arrows indieate principal directions of
sediment movement during Early Permian time; stippling
indicates sandstone facies; broken lines indicate mudstone
facies; bars and ticks indicate limy mudstone facies; lines
of heavy dots indicate west and north limits of pebbly
sandstone (1) during Late Pennsylvanian tirme, and (2)
during Early Permian time. Modified from Arkle (1959)
and Berryhill (1967).
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were laid down in very shallow water as elongate
subdeltas basinward from the mouths of streams.

The sandstone in each member represents the
basinward extension of a stream-channel deposit; the
thickest parts of each linear sandstone body repre-
sent the courses of the water which carried the sand.
In their basal parts, many of the elongate sandstone
bodies have angular fragments from the underlying
mudstone and log casts which indicate that, during
the initial stage of sand deposition, the heavily sedi-
ment laden water moved rapidly and scoured into
underlying sediments. The channellike patterns of the
elongate thicker parts of the sandstone bodies indi-
cate also that the initial stage of sandstone deposition
was regressive and that the shoreline prograded to-
ward the center of the basin. The sandstones shown
on maps B, C, and D of plate 6 represent the basin-
ward termini of narrow deltaic lobes. That the posi-
tions of the courses for sand entering the basin did
not change drastically with time is shown by the
somewhat similar positions of the axes of elongate
sandstone bodies in figure 22.

FEATURES OF LIMESTONE DEPOSITION

The waning of detrital deposition was probably
accompanied by a rise in water level which caused a
situation favorable for the deposition of calcium car-
bonate. As the depth of water increased, the shoreline
receded, and only the very fine grained detritus
reached the Washington area. The great lateral extent
of many of the limestone units reveals the remarkable
flatness and evenness of the basin floor. For example,
the limestone in the Sewickley Member covers more
than 4,000 square miles.

The sedimentary processes involved in limestone
deposition can be interpreted from the two main fea-
tures of the limestone—the conspicuous laminations
in many beds, and the breccia-conglomeratic struc-
ture of others. The laminations are attributed to algal
growth, and the breccia-conglomeratic structure, to
frequent exposure of large parts of the basin as mud
flats. The algae are believed to have grown as exten-
sive mats. Rhythmic fluctuations in the growth pat-
tern, possibly of a seasonal nature, caused the algal
remains to accumulate in very thin layers that formed
laminae. The breccia-conglomerate probably was
formed in two stages—a drying up of parts of the
basin, followed by renewed influx of water. Removal
of water from the basin, presumably by evaporation,
exposed extensive areas on the basin floor as vast mud
flats, and desiccation cracks formed. (See fig. 10.)
Some dry periods lasted only a brief period of time,
but others were of sufficient duration to allow de-

velopment of a small-scale karst surface. The lime
mud hardened soon after the water evaporated, and
during the longer periods of exposure a rubble of
limestone fragments and powdery material was
formed by mechanical weathering. Subsequent influx
of water reworked and redeposited the limestone
debris as an intrastratum breccia-conglomerate. (See
fig. 13B.)

RELATION OF COAL THICKNESS TO LITHOFACIES PATTERNS

The coal represents metamorphosed plant debris
that accumulated during times when extensive
swamps existed and detrital sedimentation was at a
minimum. The maps of the several coal beds on plate
8 indicate three things: the coal swamps were wide-
spread; the amount of plant debris that was pre-
served varied from place to place; and the patterns
of thickness of coal beds, including both the ccal and
the associated impurities, suggest that the courses
for water entering the coal swamps apparently were
generally similar to those during deposition of the
sediments that lie between the coal beds. These gen-
eral characteristics of the coal beds indicete, as
might be assumed, that plant growth, or swamp de-
velopment in a broad sense, did respond to plysical
conditions in the depositional basin, such as topog-
raphy of the basin floor, position of drainageways,
and depth of water.

An understanding of the relation of variations in
coal thickness and in quality to the lithofacies pat-
terns of associated rocks is important both in coal
prospecting and in calculating resource tonnages.
Correlations between coal-bed thickness and purity
and lithofacies patterns of both the underlying and
overlying rocks in the Washington area can be sum-
marized as follows:

1. The trend of the thicker parts of the coal h~ds is
normal to the trend of elongate sandstone
bodies that lie beneath the coal, although the
pattern is irregular. This feature is illustrated
by the two maps in figure 23.

2. The coal beds are generally thickest where the
associated sandstones also are thick. (See fig.
21.) The Pittsburgh, Waynesburg, and Wash-
ington coal beds are the best examples of this
relationship.

3. The patterns of detrital impurities in the coal
beds parallel the trends of underlying elongate
sandstone bodies. For example, the parts of
beds represented by carbonaceous mudstone
either directly overlie the sandstone or lie above
and to one side of the sandstone. Compare maps
on plate 8 with those on plates 6 and 7.
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Member that seem to have formed shallvw areas or
shoals on the basin floor. (Compare map H, pl. 8, and
map B, pl. 8.)

entering the area mainly from the east and southeast. B, Area covered by water during deposition of the Sewick-

FIGURE 20.—Schematic diagrams showing surface features of
the Washington area during three consecutive stages of
sedimentation in Late Pennsylvanian time. Detritus was

A, Area was part of a broad shallow bay or estuary fringed ley Member, Rise in water level submerged the swamp

by swamps. (Sewickley coal swamp. See pl. 8, map D.)
Carbonaceous mudstone and impure coal representing
lower part of coal bed are composed of fine plant detritus
carried in from swamps outside the area and indi-
cate that depth of water was too great in the Washing-
ton area for plant growth during early stages of swamp
development. Note that areas of plant growth overlie
the previously deposited sandstone bodies of the Fishpot

and terminated plant growth. Shoals of limited extent
probably lay in southeastern part of area above thickest
part of Sewickley coal bed.

Area was largely an extensive mudflat. T e numerous
beds of breccia-conglomeratic limestone indicate frequent
drying up of parts of the basin during deposition of
limestone.
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FIGURE 21.—Schematic diagrams showing surface features of
the Washington area during three consecutive stages of
sedimentation in Early Permian time. Detritus was enter-
ing the area mainly from the southwest and west but also

from easterly directions.

A, Area was part of extensive swamp. (Washington coal
swamp. See pl. 8, map H.) Large stream or bayou
traversed the area from southwest to northeast. Plant
growth was heaviest, and probably began, above the
sandstone body in the underlying member that extended
into the area from the northeast.

B,

Area largely covered by water. Deltaic lobes extended
into the area from the west and northeast. Limestone
deposition was contemporaneous with sandstone and
mudstone deposition over much of the area.

A prominent deltaic lobe extended into the area from
the southwest, and the thick standstone of the middle
member of the Washington Formation was depovited.
Note that plant growth and accumulation was greatest
in the west half of area and was associated witl' the
basinward edge of a delta.
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FIGURE 22.—Patterns of sandstone bodies in the several members, superimposed for comparison of geographic positions. Lines
represent the thickest part of the sandstone in each member of the Uniontown and Pittsburgh Formations (4) and the
Washington and Waynesburg Formations (B). Note the distributary and meandering patterns and the nor‘hwestward
orientation in the western part of the area during Washington and Waynesburg time.

ENVIRONMENTAL INTERPRETATION

Tectonically, the Washington area during Late
Pennsylvanian and Early Permian time was a part
of a large subsiding basin. The rate of subsidence
was barely sufficient to accommodate the detritus
being carried to it.

The environment was an extensive shallow lake,
probably comparable in size to present Lake Michigan
or perhaps even larger, that was at times a vast
swamp and at other times dried up almost completely.
Depth of water probably never exceeded a few feet.
Neither fossil evidence nor physical properties of the
rocks indicates any influence of marine conditions.
Water flowed into the lake from adjacent land that
lay both to the north and to the east, and the inflow
was sufficient to maintain some water in the lake most
of the time. Rocks of contemporaneous age in the cen-
tral part of the United States (fig. 194) are wholly,

or at least partly, marine; and drainages from the
large lake-swamp area of the central Apmalachians
were presumably to the southwest into the epicon-
tinental sea. However, the lithofacies relations, par-
ticularly the position of the pebbly sandstone at the
southwest end of the basin, suggest that during Early
Permian time the drainage from the basin was not
southwestward but may have been northeastward.

STRUCTURE

Folds.—Rocks of the Allegheny region have been
folded into a series of gentle flexures whose axes
trend northeastward across the Washington area.
The folds, from west to east, are named as follows:
Claysville anticline, Finney syncline, Washington
anticline, Nineveh syncline, and Amity ant’cline. The
fold axes are shown on the lithofacies plates, and
the geometry and amplitude of the folds are shown
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by the structure contours on the lithologic maps
(pls. 1, 2).

Viewed in cross section the folds are gewerally
symmetrical, but in plan view the axes are sinuous,
and the flanks are irregular. In the Washington area
the anticlines plunge gently southwestward, end the
synclines plunge northeastward. The amplitude of
folding, from the trough of the Nineveh syncline to
the crest of the Washington anticline, is 400 feet
within a distance of 534, miles; generally the dip of
the rocks is less than 1°,

Age of folding.—The sedimentary patterns, includ-
ing those of both thickness and shape, of rocks in the
Washington area show little if any adherence to the
structural patterns. The thickest parts of some mem-
bers overlie the anticlines, and the trend of linear
sandstone bodies in the Pittsburgh and Uniontown
Formations is approximately perpendicular to the
trend of the structural axes. (See pl. 6.) Thus, the
distribution of sand was not influenced by folding
during deposition. The thickness patterns of the
Waynesburg and Washington Formations have no
relation to the position of fold axes, but the trend of
rock in these formations is approximately parallel
to that of the folds. This crude parallelism is prob-
ably coincidental and not a result of any structural
influence.

In terms of geologic time, deformation of tre dep-
ositional basin took place either in very late Early
Permian time or later.

F1GURE 23.—Generalized thickness trends in the Waynes-
burg and Washington coal beds, showing irregular
trend of the thickest parts of the bed normal tc the
trend of underlying elongate sandstone. 4, Waymes-
burg coal bed. B, Washington coal bed. Stippled areas
are those parts of the bed more than 5 feet thick.
Heavy dashed lines represent the axes of the urder-
lying elongate fluvial sandstones. The trend presum-
ably roughly parallels the shoreline trend along the
east side of the depositional basin.
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Part 2. Economic and Engineering Geology

ECONOMIC GEOLOGY

The discussion of economic geology covers the
commodities coal, sandstone, limestone, and mud-
stone. Oil and gas have been produced from the Wash-
ington area since the 1880’s, but the production has
been from rocks that underlie the Pittsburgh coal
bed, which are beyond the scope of this report. A re-
gional subsurface study of the oil-bearing rocks of
southwestern Pennsylvania is being conducted by the
Pennsylvania Bureau of Topographic and Geologic
Survey.

USE OF THE SPECIAL MAPS

The maps have been prepared for use in relating
the geology of the Washington area to the area’s ec-
onomic development. The lithologic maps (pls. 1, 2)
are designed for use in both commodity and engi-
neering geology. Because these maps show the loca-
tion and distribution of the types of rock, they can
serve as guides to prospecting, both on the surface
and at depth. The thickness of most types of rock
generally can be determined within about 10 feet of
actual thickness; the lines representing the more im-
portant coal beds have been coded to show in a
generalized manner the variations in thickness. The
patterns representing types of rock have been placed
on a topographic base so that the bedrock can be
related to the terrain for engineering planning. A
brief summary of the engineering properties of the
rocks is included on the lithologic maps.

The lithofacies maps (pls. 3, 4) are supplemental
to the lithologic maps. They show the lateral change
in composition, texture, and thickness of individual
rock units.

The sandstone thickness maps (pls. 6, 7) show the
geometry of the individual sandstone bodies in each
member, and they also are supplemental to the litho-
logic maps. These maps can be used for studies of
the movement of subsurface water, the disposal of
liquid wastes, and the sources for potable water.
Where massive sandstone directly overlies a coal bed,
the coal bed may be cut out locally by the sandstone,
a factor which creates an economic problem in min-
ing. Both the sandstone isopach maps and the litho-
facies maps can be used in relating mine subsidence
to the nature of the overlying rock.

The coal-bed maps (pl. 8) are lithofacies maps that

show the thickness patterns of the coal bed~ and the
lateral variations in their composition. These maps
are designed for use in appraising the quantity and
quality of the resources in a bed and as guides to
detailed prospecting.

COMMODITY GEOLOGY

COAL RESOURCES

The stratigraphic positions of the 17 coal beds that
crop out in the Washington area are shown by the
columnar sections on plates 1 and 2. The grographic
positions of the coal beds at the surface are shown
on the lithologic maps (pls. 1, 2). Of these coal beds,
only the Pittsburgh, which contains by far the largest
quantity of resources, is now mined commercially.
The Waynesburg coal bed also contains sizable re-
sources, but it has not been mined commercially in
the Washington area. The Waynesburg “A” and
Washington coal beds underlie most of the area, but
both, although locally thick, are highly variable in
thickness and contain impurities to the ertent that
they are not likely to be mined in the foreseeable
future. The Sewickley and Uniontown coal beds are
absent from large parts of the Washington area;
they are generally thin and commonly contain more
clay and mudstone than coal. Maps and columnar
sections showing the thickness of these six coal beds
and the relative amounts of coal and impurities in
them are on plate 8.

Resources were calculated for the Pittsburgh and
Waynesburg coal beds. Original resources of coal in
these two beds in the Washington area total 1,959.5
million tons, of which 1,688.6 million tons is classi-
fied as “measured,” 166.2 million tons as “indicated,”
and 104.7 million tons as “inferred.” Included in the
1,688.6 million tons of measured coal is 197.5 million
tons of coal mined and lost in mining; thus, the re-
maining measured resources as of Januarr 1, 1966,
total 1,491.1 million tons.

Remaining measured resources of 1,491.1 million
tons plus indicated resources of 166.2 million tons
and inferred resources of 104.7 million tons give total
remaining resources of 1,762 million tons as of Jan-
uary 1, 1966.

Table 3 shows the distribution of the resources for
the Pittsburgh and Waynesburg coal beds within the
four quadrangles that make up the Washington area,
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and the classification of the resources as to thickness
and reliability of data upon which the estimates are
based. Measured resources are those for which ton-
nage is computed from the thickness of the coal bed
revealed in outcrops, trenches or prospect openings,
mine workings, and drill holes. Points of observation
are so closely spaced and thickness and extent of coal
so well defined that computed tonnage is considered
to be within 20 percent of true tonnage. Although
spacing of points of observation necessary to dem-
onstrate continuity of coal varies in different regions
according to character of the coal beds and geologic
structure, points of observation are, in general, about
half a mile apart. In the Pittsburgh coal bed, the
continuity of the coal has been demonstrated over
such a wide area that almost all the resources are
classified as measured, even though the spacing of
data points is more than half a mile in some parts
of the Washington area. Indicated resources are
those for which tonnage is computed partly from
specific measurements and partly from assumptions
based on available data and on geologic evidence.
Points of observation should be about 1 mile apart;
however, if the beds are known to have continuity,
points spaced 114 miles apart are considered ade-
quate control for indicated resources. Inferred re-
sources are based on a broad knowledge of the
character of the coal bed, on evidence of continuity,
and on points of observation spaced more than 2
miles apart. In calculating tonnages for the Pitts-
burgh and Waynesburg coal beds, a weight of 1,800
tons per acre-foot was used.

PITTSBURGH COAL BED

Resources.—Original resources of coal in the Pitts-
burgh bed total 1,384.7 million tons, of which 1,301.7
million tons is classified as “measured” and 83 mil-
lion tons as ‘‘indicated” (table 3). Included in the
1,301.7 million tons of measured coal is 197.5 million
tons of coal mined and lost in mining; thus, the re-
maining resources as of January 1, 1966, total 1,104.2
million tons. The map on plate 8 shows the areas in
which the Pittsburgh coal bed has been largely
mined out.

Remaining measured resources of 1,104.2 million
tons plus the indicated reserves of 83 million tons
give total remaining resources of 1,187.2 million tons,
as of January 1, 1966.

Physical characteristics—The Pittsburgh coal bed
generally occurs as two benches separated by a clay
parting that ranges in thickness from about & inches
to 2 feet. The lower bench, which ranges in thickness
from about 4 feet to slightly more than 8 feet, forms
the main part of the bed and contains all the minable
coal. The resource tonnages in this report ar= based
entirely on the lower bench. (See table 8.) The im-
pure coal in the upper bench, which is left as roof
during mining, is 0-5 feet thick.

General uniformity in thickness and areal con-
tinuity of thin partings characterize the Pittsburgh
coal bed throughout the Washington area. Three maps
on plate 8 show the distribution and thicknes~ of the
coal in the lower and upper benches, and the thick-
ness of the clay parting between the two benches. No
clear pattern of changes in thickness of the lower
bench can be seen, though there is a suggestion of a
northeastward trend. The structural irregrlarities

TABLE 3.—FEstimated original and remaining re sources of coal, in millions of short tons, in the
Pittsburgh coal bed and the Waynesburg coal bed in the Washington area, by quadrangle

Total

Measured Indicated Inferred mined Total
and lo*t remain-
Quadrangle In beds of indicated In beds of indicated In beds of indicated Total inmin- ingre-
thickness, in inches Total thickness, in inches Total thickness, in inches Total origi- ing as of sources
ton- ton- ton- nalre- Jan.l. asofJan.
14-28 2842 42-60 >60 nage 14-28 28-42 42-60 >60 nage 14-28 28-42 4260 >60 nage sources 1964 1, 1964
Pittsburgh coal bed
(Estimates are of coal in the lower bench only; upper benches or “roof coal’”’ excluded)
AMRY ot e 20.6 342.3 362.9 F— e e vvesnmeet ovreamann | amenranen PN eeree ramsenn - 362.9 76.0 286 9
Prosperity . .ceer ceeeeee e - 38.3 204.6 332,90 ot e e e v eroeri oo tonemnne W J— 332.9 2.6 330.3
‘Washington
EaSt e oerreriee crrnees eeree 36.0 306.7 3427 e ... U, v eveereron e J— 342.7 60.0 282.7
‘Washington
West e e 08 182 2442 263 2 o 830 830 o e e e e - 346.2 58 9 287.3
Total ... 0.8 113.11,187.8 13017 .. .. .. .. 83.0 83.0 . . .. ... N . 1,384.7 197.5 1,187.2
Waynesburg coal bed
Amity. ... 0.4 600 114.2 17.8 192 4 54 127 e e 181 .. P e e 210 5 e - 210.5
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of the bed are shown by structure contours on plates
1 and 2.

Coal in the Pittsburgh bed is believed to be of
high-volatile A bituminous rank throughout the
Washington area. So few analyses were available for
use in this report that the variations in ash and sul-
phur content and the heating or Btu values of the
coal could not be studied in detail. The limited data
available indicate that the range in heating value is
13,600-14,800 Btu, on the “as received” basis; the
ash content ranges from about 4.5 to 8 percent and
averages about 6 percent; and the sulphur content
ranges from less than 1 percent to slightly more than
2 percent. In adjacent areas to the north and east, the
Pittsburgh bed contains coal of coking quality (Wal-
lace and others, 1955), and the reserves of the Wash-
ington area can be assumed to be of coking quality
also.

Sandstone cutouts.—Sandstone overlies the Pitts-
burgh coal bed in most of the Washington area. (See
pl. 6.) The base of the massive crossbedded sandstone
is uneven, and its position relative to the underlying
coal bed is variable. Throughout most of the Wash-
ington area a few feet of siltstone and shaly mud-
stone separate the base of the sandstone from the
coal bed, but locally the base of the sandstone is
within the coal bed, and at a few places on the rocks
beneath the coal. Places where the sandstone thickens
downward and replaces all or part of the coal are
called cutouts.

A cutout indicates local removal of the peat or coal
bed by erosion during deposition of the overlying
sandstone, either by subagueous scour or by stream
channeling. Large or closely spaced cutouts seriously
affect the economics of mining because they are costly
impediments to a mechanized mining operation. The
general positions of known cutouts in the Washing-
ton area are shown for the Pittsburgh coal bed on
plate 8.

Cutouts are less common in the lower bench of the
bed in the Washington area than in the upper bench.
A geographic correlation exists between the position
of cutouts and the thicker elongate, channellike parts
of the overlying sandstone; the correlation is based
on a comparison of the maps on plate 8 with the
sandstone map of the lower member and Redstone
Member on plate 6. Consequently, a thorough knowl-
edge of the regional thickness pattern of the sand-
stone is a valuable aid in planning mine layouts,
because areas underlain by the thick linear parts of
the sandstone could be drilled to determine whether
or not cutouts do exist.

The relation of the cutouts in the Pittsburgh coal
bed to the distribution of the sandstone above, and
the relation of the thickness and distribution of the
other coal beds in the Washington area to the rocks
immediately above and below, can be used as a valu-
able aid in both prospecting for coal and planning
mine layouts.

WAYNESBURG COAL BED

Resources.—Original resources of coal in the
Waynesburg bed total 574.8 million tons, of which
386.9 is classified as “measured,” 83.2 million tons
as “indicated,” and 104.7 million tons as “inferred”
(table 3). Because the Waynesburg bed has not been
mined commercially, little coal has been removed,
and remaining resources can be considerec the same
as original resources. The Amity and Washington
East quadrangles contain much larger resources than
the Prosperity and Washington West quadrangles.

Physical characteristics—The Waynesburg coal
bed is in two benches separated by a persistent clay
parting in the eastern half and the west-central part
of the Washington area. The clay parting, vrhich gen-
erally ranges in thickness from 2 to 15 inches, is
absent from the southwestern and northwestern
parts. (See pl. 8.) The lower bench is the thicker of
the two benches and contains the larger resources.
Another clay parting, ranging in thickners from a
fraction of an inch to 8 inches, is commcn, though
not everywhere present, in the lower part of the lower
bench. The upper bench generally contains a number
of very thin partings. Sections 6 and 7 for the
Waynesburg coal bed on plate 8 are typical of the
bed in the eastern part of the Washington area and
in areas to the east.

Coal from the Waynesburg bed is probably high-
volatile B bitumineus rank, though some may be high-
volatile A. The coal in the lower bench is superior in
quality to that in the upper bench. Ash content aver-
ages more than 10 percent, and sulfur content, more
than 2 percent. No analyses of heating value are
available for Waynesburg coal from the Washington
area, but two analyses made on this coal from outside
the Washington area (Wallace and others, 1955), in-
dicated heating values of 12,460 Btu and 12,090 Btu.

SANDSTONE

Sandstone from the Washington area was formerly
quarried and used locally for building stone and as
flags for sidewalks. The lower sandstone of the mid-
dle member, Washington Formation, was quarried
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near the southwest corner of the Washington West
quadrangle (pl. 1) for building stone used in Wash-
ington and is reported to have been used to construct
the train terminal in Wheeling, W. Va. Flags used to
pave sidewalks in Washington came from a quarry
in the lower member of the Uniontown Formation
at the northeast edge of Washington. According to
Clapp (1907b, p. 129), a sandstone about 130 feet
above the base of the Greene Formation was quarried
about 1 mile east of Washington for building and

curbing stone. As far as could be determined, most

of the commercial sandstone came from these rock
units, but other sandstones doubtlessly have been
used locally. These sandstones have not been used
as a commercial building stone in the Washington
area for the past 50 years, mainly because they are
too friable and they weather too rapidly.

In recent years, sandstone from the quarry near
the southwest corner of the Washington area has
been used in highway construction. The base course
for a 10-mile stretch of Interstate Highway 70, ex-
tending westward from Washington, came from that
quarry.

LIMESTONE

Limestone has been used more extensively than
sandstone in the Washington area and was used
rather widely in previous years as a building stone.
Clapp (1907b, p. 118) reported that limestone from
the thick sequence in the Sewickley Member was
used for making cement. In addition to building stone,
limestone from the upper limestone member of the
Washington Formation was used extensively by
farmers for making agricultural lime. Recently, lime-
stone from the upper limestone member was taken
from the quarry at Vance, Washington East quad-
rangle (pl. 1), for use as the base course for a stretch
of Interstate Highway 70 east of Washington.

In quantity, limestone is an abundant resource in
the Washington area. The quality, however, is rela-
tively lower than that of limestone currently used
for commercial purposes. The CaCO; content of most
is less than 65 percent, though the CaCOj; content of
the uppermost beds of the upper limestone member,
Washington Formation, locally is more than 99 per-
cent.

The limestones of the Washington area will have
commercial value when resources of purer limertones
elsewhere become scarce. The widespread upper lime-
stone member of the Washington Formation seems
most promising for future use, as it can be st-ipped
at the surface over large parts of the area. The thick
limestone in the Sewickley Member is a potential
source for cement, but the amount of clay and silt
impurities varies from place to place, and the product
would require special preparation.

MUDSTONE AND CLAYSTONE

Mudstone is an abundant resource in the Washing-
ton area. Several units in the Greene Formation are
widespread and thick. The mudstone unit in the
upper part of the middle member, Washington For-
mation, and associated claystone and siltstone, is
quarried for making brick at two localities in the
Washington East quadrangle—in the east part of
Washington and at Vance (pl. 1). The mu-stone
commonly contains thin beds of siltstone. Claystone
is not abundant and units are lenticular. The general
stratigraphic and geographic location and distribu-
tion of mudstone are shown on plates 3 and 4.

Samples of two mudstone units and a claystone
were collected by B. J. O’Neill, Jr., of the Pennsyl-
vania Bureau of Topographic and Geologic Survey,
for a series of analyses and tests to determine the
commercial potential. The units sampled, their loca-
tion, and the evaluation of the material on the basis
of the tests are summarized as follows:

Description of unit

Sample location

l Evaluation

Claystone 8 ft thick; 100 ft above base of
Greene Formation.

School.

Washington West quadrangle, north
side of Interstate Highway 70, 6
miles southwest of Washington
and 0.35 mile north of Highland

Has long firing range and probably
would make an excellent light-
weight aggregate by the rotary kiln
process.

Mudstone and siltstone 14 ft thick; lower
part of middle member, Washington For-
mation.

Washington West quadrangle, on hill
slope 0.4 mile west of Reservoir 1
and 0.4 mile south of Elwood Park.

Potential use for brick, floor tile, and
sintered aggregate.

Mudstone and siltstone 6% ft thick; upper
part of middle member, Washington For-
mation.

Donley Brick Co. quarry, north side
of U.S. Highway 40, eastern part
of Washington.

Potential use as brick and floor tile
and possibly for sintered aggre-
gate.
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Detailed data obtained from the tests are given in
O'Neill and others (1965, p. 337-350).

ENGINEERING GEOLOGY

Washington County is one of six counties in south-
western Pennsylvania that are a part of or adjacent
to the greater Pittsburgh metropolitan complex.
These counties are economically interdependent and,
for purposes of regional planning, have formed the
Southwestern Pennsylvania Regional Planning Com-
mission, whose functions include studies of present
and future land use.

Washington and environs constitute the largest
population center in Washington County. As popu-
lation grows in future years, much of the remaining
agricultural land in the Washington area will be con-
verted to residential, industrial, commercial, and rec-
reational uses. Efficient use of land is as important
an aspect of economic development as the extraction
of mineral resources.

Knowledge of the bedrock and its relation to topog-
raphy can be a valuable aid in land-use planning.
In the Washington area, recognition of the lithologic
diversity and complexity of the overall rock sequence
is of fundamental importance. The rocks vary greatly
as to bearing strength and stability, which are de-
pendent in part on the degree of weathering. Be-
cause weathering is influenced by the manner in
which ground water will percolate through a rock, it
is important to know the porosity and permeability
of the particular body of rock and its thickness and
relation to topography (ridgetop, slope, or valley).

No attempt is made to interpret the data from an
engineering standpoint nor to evaluate specific sites.
The intent is to present the geologic data in a man-
ner that will enable the engineer, the builder, the
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city planner, or the conservationist to select, from
the maps, favorable sites for further investigation
in the detail dictated by the intended use of the land.
The descriptions of both the physical properties of
the rocks and their stratigraphic relations in preced-
ing sections of this report and the lithcfacies and
discrete sandstone maps (pls. 3-7) are complemen-
tary to the descriptions of engineering properties in
this section, and the data from the two parts of the
publication should be used together.

The report describes the bedrock. A renort on the
engineering properties of the soils above the bedrock
in the more heavily urbanized parts of Washington
County was prepared by the U.S. Department of
Agriculture, Soil Conservation Service (1966). The
distribution of the several types of bedrock in the
Washington area and a brief explanation of the eco-
nomic potential and engineering properties are shown
on the lithologic maps (pls. 1, 2).

ENGINEERING PROPERTIES OF THE ROCKS

Sandstone and siltstone—Total porosity, permea-
bility, and compressive-strength tests were made on
surface samples from four sandstone bodies (table4).

The sandstones sampled have relatively low per-
meability, but both porosity and permecbility vary
not only from one sandstone body to another but also
within a single body because of variations in grain
size, thickness of beds, and internal sedimentary
structures. Some indication of the amount of this
variability is shown by the test data for samples
63PA1 and 63PA2 (table 4). Sample 63PA1 is fine
grained, and its porosity and permeability are very
low; sample 63PA2 is coarser grained, and the po-
rosity and permeability are higher. The tests, how-
ever, do not take into account major bedding planes

TABLE 4.—Physical and hydrologic properties of sandstone
[Analysts: compressibility strength tests by T. C. Nichols, G. S. Erickson, and J. C. Thomas;

hydrologic-properties and specific-gravity tests by R. P, Moston and A. H.

Ludwig.]

Centrifuge Compressive
Field No. Lab. No. Location and formation Specific Dry unit moisture Total Specific Permee- strength
gravity  weight (g per equivalent porosity yield bility (g»d (1bs per
cu cm) (in percent) (in percent) (in percent)  per sq ft) sq in)
63PA1 _____ (3-443) ... NW¥{, Washington East 2.68 2.35 3.6 12.3 3.8 0.001 13,800
quadrangle, Pittsburgh
Formation.
63PA2 _____ (3-553) -... NWI4, Washington East 2.68 2.20 4.4 17.9 8.2 .03 11,900
quadrangle, Union-
town Formation.
63PA3 ____. (3-552) _._. Central part of Amity 2.69 2.31 3.8 14.1 5.3 .002 12,400
quadrangle, Waynes-
burg Formation.
63PA4 _____ . _____ SW1{, Washington West 2.68 2.28 3.4 14.9 7.1 .02 10,200

quadrangle, Washing-
ton Formation.
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TABLE 5.—Atterberg limits, pH, and potential volume change for representative samples of mudstone, claystone,
and landslide material
[Analysts: T. C. Nichols, G. S. Erickson, and J. C, Thomas, U.S. Geological Survey, Denver, Colo.]

Atterberg limits

Potential volume
change (P.V.C.)

Laboratory Sediment Liquid Plastic Plasticity pH
No. limit limit index Swell Index Rating1
(L.L.) (P.L.) (L.L.-P.L.) (psf)
D-800294 __._ Silty mudstone..__._._ 27 24 3 7.51 1,700 2, marginal.
D-800296 ... Mudstone ._...__.____. 24 20 4 7.80 1,100 1.2, noneritical.
D-800295 ... Claystone .______.__._. 30 20 10 7.70 2,000 2.4, margi~al.
D-800297 _._..__. s L 33 24 9 7.50 2,350 2.5, margi~al.
D-800298 .... Landslide material . ____ 27 15 12 5.12 425 .3, noneritical.
D-800299 _.______ 5 s 36 26 10 4.61 1,000 1.1, noneritical.

1 Rating according to specifications of Federal Housing Administration as contained in manual by Lambe (1960).
Scale of rating: 0-2, noncritical; 2-4, marginal; 4-6, critical; 6-12, very critical.

and joints or fractures within the sandstone that
would permit passage of water through the body at
a greater rate than that indicated by the permea-
bility tests.

Jointing, where developed extensively, substan-
tially increases the permeability of a sandstone body.
Joints were noted in many of the outcrops of sand-
stone. (See fig. 4D, which shows joints in the sand-
stone in the upper part of the photograph.) Although
no systemic study of jointing was made, jointing is
believed to be sufficiently extensive to increase the
movement of subsurface water in most sandstone
bodies.

Siltstone, which is finer grained than sandstone,
generally has less porosity and permeability. No tests
were made on siltstone, but, just as in sandstone, the
bedding planes and joints at a given locality would
greatly influence permeability.

Mudstone and claystone.—Swell-index, plasticity-
index, and weathering and abrasion tests were made
on mudstone and claystone samples (table 5). Similar
tests were made on samples of intermixed mudstone
and claystone from two landslides, and the results
are included in table 5 for comparison with undis-
turbed mudstone and claystone.

Weathering and abrasion tests were made on eight
samples of mudstone and claystone. Results of these
tests for one sample (D-800294; table 5) are shown
by the series of profiles in figure 24 ; the results of the
tests on the other seven samples were so similar that
they need not be illustrated separately. The tests
demonstrate the effect of compactive forces and of
repeated wetting and drying cycles upon the disag-
gregation of particles in unconsolidated material.
Comparison of profiles 3, 4, and 5 in figure 24 shows
that the effect of the single compactive force is almost
equivalent to four cycles of wetting and drying.

The porosity and permeability of mudstone and

claystone are very low; claystone has almost nc per-
meability. The permeability of mudstone may b= in-
creased by joints, but any fractures in claystones are
ephemeral because of the plastic nature of clay~tone
when wet.

Limestone.—Specific-gravity and compressive-
strength tests were made on samples of limertone
from three stratigraphic units (table 6). The charac-
teristics of samples 3-550 and 3-548 are believed to
be typical of most limestones in the Washington area.
Sample 3-549 is from the limestone of the Sewickley
Member, which is relatively higher in clay and silt
impurities than most of the other limestones and has
noticeably less bearing strength.

Porosity and permeability tests were not made.
The permeability of individual limestone beds is rel-
atively high becouse of numerous joints. (Fig. 4D
shows the many joints in the limestone beds in the
lower part of the picture.) However, the vertical
movement of water through the limestone bodies is
greatly impeded by the claystone layers that separate
the beds of limestone. Some of the major springs are
at or near the top of limestone bodies that underlie
sandstone.

The impermeability of both limestone and mud-
stone has implications concerning residential de-
velopment. Homes built beyond municipal sewage
service require a cistern. If the near-surface bedrock
is a thick limestone or mudstone body, no natur-l ca-
pacity exists for dispersing the discharged waste. In
such places the reservoir from which sewage water is
to be dispersed should be of larger than normal size
to allow an adequate fill of crushed, permeable ma-
terial. Furthermore, dispersal reservoirs placed in
a thin sandstone that overlies a limestone-clay se-
quence will disperse the waste, but the discharged
water may percolate downward to the limestone and
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FIGURE 24.—Results of weathering and compaction tests on a sample of silty mudstone. Data are in cumulative percent. Profile
1, Grain-size distribution of disaggregated sample after sieving. Profile 2, Distributed size of aggregates s dug from
outcrop. Profile 3, Distributed size of aggregates after hammer test (equivalent to theoretical effect of a singl~ passage of
a bulldozer weighing 30 tons). Profile 4, Distributed size of aggregates after one wetting-and-drying cycle. Profile 5, Dis-
tributed size of aggregates after four cycles of wetting and drying.

then move laterally to form a seepage of contami-
nated water along hillsides.

Landslide material.—Much unconsolidated debris
that exists on hill slopes in the Washington area has
been moved by slumping and sliding. The locations
of many of these landslides are shown on plates 1 and
2. The clay content of the material is high, and the
mass is characterized by relatively high porosity and
low permeability. The capacity of the material to
absorb large amounts of water that cannot pass with
ease through it causes slumping or sliding during
prolonged wet periods or following heavy rains be-
cause of the increased weight and pore pressure

TABLE 6.—Physical properties of limestone
[Analysts: T. C. Nichols, G. S. Erickson, and J. C. Thomas]

Compressive

Lab. No. Stratigraphic Specific strength
unit gravity (psi)
3-550-_.. Fishpot Member, Pittsburgh
Formation. ... ___________ 2.68 33,000
3-548__ .. Upperlimestone member, Wash-
ington Formation__._________ 2.66 28,200
3-549____ Sewickley Member, Pittsburgh
Formation___.____._________ 2.66 9,330

caused by the accumulated water. Landslides emit
water for long periods following saturation and are
sites for seepage. The roadbeds of dirt roads that
cross landslide material are usually soft and muddy,
particularly during the winter months and after
heavy rains. Where roads are paved, the prolonged
seepage eventually may induce pumping of the pave-
ment which will cause cracking and failure of the
pavement because of the soft, plastic base beneath it.
The thickness of the numerous landslides was not
measured but probably is in the range of 5-10 feet;
a few may be thicker. Material from two landslides
was tested for swell and plasticity index and for
potential-volume-control rating (table 5).

MOVEMENT OF GROUND WATER

The close association of different types of rock in
the overall sequence exposed in the Washington area
affects to a marked degree the dirvection of movement
of ground water. Relatively permeable and im-
permeable rocks are interlayered througlout the se-
quence. Sandstones are reservoirs and permit the
passage of water; limestones and associated clay-
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stone, underclay beneath coal beds, and mudstones do
not transmit water readily. No quantitative field tests
were made of the relative flow of water from the
various types of rock. However, sufficient observa-
tions were made to form an empirical basis for a few
general statements.

Typically, water from the ground surface that is
not carried away as initial runoff percolates through
the sandstones until it reaches an impermeable layer
or body which diverts the water laterally near the
contact between the permeable rock above and the
impermeable below. The amount of water diverted
and the direction it moves depend upon the direction
of inclination or dip of the impermeable layer, the
position of the permeable layer at the surface relative
to the topography, and to some extent upon the joints
within the permeable layer. The effect of topography
and type of rock on ground-water movement are
shown schematically in figure 25. An example of
lateral movement of water as a result of a difference
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FIGURE 25.—Schematic cross sections of ridges showing gen-
eralized movement of water in the subsurface relative to
type of rock and topographic position of permeable
(stippled) and impermeable (block pattern) layers. Arrows
indicate directions of water movement. Arrows outside the
ridge profiles indicate surface runoff. A, Relatively porous
permeable sandstone and siltstone underlie upper part of
ridge. B, Impermeable limestone and claystone underlie
upper part of ridge. If a slight dip is assumed, the amount
of seepage would be larger on the downdip side of the ridge.

in permeability between rock units can be s=en in
both the north and south banks of Interstate High-
way 70 in the deep cut 0.15 mile southeast of Lincoln
Hill, Washington West quadrangle. The water moves
downward through the siltstone in the upper part of
the middle member, Washington Formation, and is
emitted from the carbonaceous mudstone and the
underlying Washington “A” coal bed. The coal bed
lies on an impermeable claystone unit that is 7.7 feet
thick.

Because the impermeable layers cause much of the
water to move laterally, the outcrops of the top of
some of these layers along ridge slopes are lines of
seepage. The amount of seepage is influenced by the
factors shown in figure 25. As shown in figure 25,
water typically seeps from the surface at or near
the contact of limestone bodies and overlying sand-
stone and siltstone, particularly where the clastic
rocks underlie the entire upper part of the ridg«. The
position of the outcrop of the upper limestone mem-
ber of the Washington Formation is the site of the
majority of landslides; its position at the sarface
over much of the Washington area is similar to that
illustrated in figure 25A. The principal factors that
cause the upper limestone member to slide probably
are dissolution of the limestone in the shallow sub-
surface, lubrication by wet interbedded claystone,
and exceeded angle of repose along the hill slopes.

Apreas of seepage cause problems both in residential
and industrial construction and in cuts for highways.
Basements or parts of buildings beneath the surface
at or slightly downhill from seepage will frequently
be wet unless precautionary measures are taken dur-
ing construction. Seepage in deep highway cuts, if of
large volume, will cause almost continual slumping
during, and for some time after, wet periods. Ir high-
way planning adequate drainage should be provided
where impermeable units will cause seepage, whether
in cuts or along the roadbed. Potential lines of seep-
age can be anticipated if the lithology and distribu-
tion of the several types of rock are known.
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